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Abstract 

Two new species of anisogammaris amphipod, Jesogammarus {Jesogammarus) bousfieldi 
and J. (J.) uchiyamaryui, are described from mountain streams in Yamagata Prefecture and 
from brackish waters on Iki and Fukue Islands, Nagasaki Prefecture, Japan. Jesogammarus 
bousfieldi is morphologically almost similar to J. paucisetulosus Morino, 1984. However, J. 
bousfieldi is distinguished from J. paucisetulosus by the more number of marginal setae on 
the pleonites. Jesogammarus uchiyamaryui resembles J. ikiensis Tomikawa, 2015, but the 
former differs from the latter by two setae on the posterior margin of peduncular article 2 of 
antenna 1, short and straight accessory lobes of coxal gills on gnathopod 2 and pereopods 
3-5, densely setose ventral margins of coxae of female gnathopods 1 and 2 and pereopod 3, 
and a shorter inner ramus of uropod 3. Phylogenetic analyses using nuclear 28S rRNA, mito¬ 
chondrial cytochrome c oxidase subunit I, and the 16S rRNA markers showed the sister rela¬ 
tionship between J. bousfieldi and J. paucisetulosus. However, the phylogenetic position of 
J. uchiyamaryui remains uncertain. Both new species were genetically highly diverged com¬ 
parable to intraspecific divergence among other Jesogammarus species. The species diversity 
related to habitat and the subgeneric classification of Jesogammarus are briefly discussed. 


Introduction 

The amphipod germs Jesogammarus Bousfield, 1979 inhab¬ 
its fresh and brackish waters of the Japanese archipelago, 
the Korean Peninsula, and the Chinese continent (Bousfield 
1979, Morino 1984, 1985, 1986, 1993, Lee and Seo 1990, 
1992, Tomikawa and Morino 2003, Tomikawa et al. 2003, 
Hou and Li 2004, 2005, Tomikawa 2015). Jesogammarus 
was erected by Bousfield (1979) as a monotypic genus with 
the type species Anisogammarus jesoensis Schellenberg, 
1937. In the same article, Bousfield established monotypic 
Annanogammarus Bousfield, 1979, of which the type spe¬ 
cies was designated Gammarus annandalei Tattersall, 1922. 

Morino (1984) described a second species 'm Jesogam¬ 
marus, J. paucisetulosus Morino, 1984 from Japan. Subse¬ 
quently, Morino (1985) reXegdAed Annanogammarus as a 
subgenus under Jesogammarus because the character com¬ 
bination of J. paucisetulosus and additional new species 


bridged the morphological gap between the two genera 
Jesogammarus and Annanogammarus. Morino concluded 
that Annanogammarus could be a distinct subgenus due to 
unequal coxal gill accessory lobes on gnathopod 2-pereo- 
pod 5 in length and simple robust setae on the palmar 
margin of female gnathopod 2. Molecular phylogenetic 
analyses of Jesogammarus recovered the monophyly of 
the subgenera Jesogammarus and Annanogammarus, re¬ 
spectively (Tomikawa et al. 2007, Tomikawa 2015). 

The latest taxonomic study of the genus shows that 
Jesogammarus contains 18 species (Tomikawa 2015). 
The subgenus Annanogammarus consists of six freshwa¬ 
ter species, and the subgenus Jesogammarus comprises 
11 freshwater and one brackish-water species. 

Two additional Jesogammarus species were collected 
during field surveys of fresh and brackish waters in Japan: 
one from mountain streams in Yamagata Prefecture and 
the other from brackish waters of Iki and Fukue Islands, 
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Figure 1. Map showing the collection localities of the specimens examined in this study. The closed squares indicate the localities 
of J. bousfieldi sp. n. The closed diamonds denote the localities of J. uchiyamaryui sp. n. The closed circles indicate the localities 
of the referred materials used for the phylogenetic analyses. The symbols in red denote the type locality of each of the new species. 
Names of localities are shown in Table 1. 


Nagasaki Prefecture, Japan. A close examination of the 
external morphology revealed that these two species are 
distinct from their congeners and are described here as 
new species. In addition, the phylogenetic positions of 
these new species within Jesogammarus were estimated 
using nuclear 28S rRNA, the mitochondrial cytochrome 
c oxidase subunit I, and 16S rRNA sequences. A key to 
Jesogammarus species is provided and modified from 
that given in Tomikawa (2015). 

Material and methods 

Samples 

Specimens of Jesogammarus were collected from three 
localities in Yamagata Prefecture and from two localities 
in Nagasaki Prefecture, Japan (Fig. 1). The specimens 
were collected by scooping with a fine-mesh hand-net 
and fixed in 99% ethanol on-site. 


Morphological observation 

All appendages of the examined specimens of the un¬ 
described species were dissected in 70% ethanol and 
mounted in gum-chloral medium on glass slides under 
a stereomicroscope (Olympus SZX7). Specimens were 
examined using a light microscope (Nikon Eclipse Ni) 
and illustrated with the aid of a camera lucida. The body 
length from the tip of the rostrum to the base of the telson 
was measured along the dorsal curvature to the nearest 
0.1 mm. The nomenclature of the setal patterns on the 
mandibular palp follows Stock (1974). The specimens are 
deposited in the Tsukuba Collection Center of the Nation¬ 
al Museum of Nature and Science, Tokyo (NSMT) and 
the Zoological Collection of Kyoto University (KUZ). 

PCR and DNA sequencing 

The extraction of genomic DNA from appendage mus¬ 
cles of the Jesogammarus materials preserved in 99% 
ethanol followed Tomikawa et al. (2014). Primer sets 
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Table 1. Samples used for the phylogenetic analyses. The information on the vouchers or isolate numbers is accompanied by the 
collection localities and the INSDC accession numbers. Sequences marked with an asterisk were obtained for the first time in the 
present study. 


# 

Species 

Voucher or 

Locality 

INSDC# 

isolate # 

28S 

COI 

16S 

Newly described Jesogammarus species in this study 

6 

J. bousfieldi sp. n. 

KUZ Z1797 

Gassan, Tsuruoka, Yamagata Prefecture, Japan 

LC214776* 

LC214536* 

LC214793* 

6 

J. bousfieldi sp. n. 

KUZ Z1798 

Gassan, Tsuruoka, Yamagata Prefecture, Japan 

LC214777* 

LC214537* 

LC214794* 

5 

J. bousfieldi sp. n. 

KUZ Z1799 

Aburato, Tsuruoka, Yamagata Prefecture, Japan 

LC214778* 

LC214538* 

LC214795* 

5 

J. bousfieldi sp. n. 

KUZZ1800 

Aburato, Tsuruoka, Yamagata Prefecture, Japan 

LC214779* 

LC214539* 

LC214796* 

3 

J. bousfieldi sp. n. 

KUZZ1801 

Mamurogawa, Yamagata Prefecture, Japan 

LC214782* 

LC214541* 

LC214798* 

3 

J. bousfieldi sp. n. 

KUZ Z1802 

Mamurogawa, Yamagata Prefecture, Japan 

LC214783* 

LC214542* 

LC214799* 

18 

J. uchiyamaryui sp. n. 

KUZ Z1803 

Tanie River, Iki, Nagasaki Prefecture, Japan 

LC214773* 

LC214533* 

LC214790* 

18 

J. uchiyamaryui sp. n. 

KUZ Z1804 

Tanie River, Iki, Nagasaki Prefecture, Japan 

LC214774* 

LC214534* 

LC214791* 

20 

J. uchiyamaryui sp. n. 

KUZ Z1805 

Mukata, Goto, Nagasaki Prefecture, Japan 

LC214788* 

LC214545* 

LC214802* 

20 

J. uchiyamaryui sp. n. 

KUZ Z1806 

Mukata, Goto, Nagasaki Prefecture, Japan 

LC214789* 

LC214546* 

LC214803* 


Jesogammarus (Annanogammarus) 


17 

J. annandalei 

G1162 

Lake Biwa, Shiga Prefecture, Japan 

LC214786* 

LC052248 

LC052269 


J. debilis 

IZCAS- 

1-40325 

Fangshan, Beijing, China 

EF582997 


EF582846 

15 

J. fluvialls 

G83 

Samegai, Shiga Prefecture, Japan 

LC214766* 

LC052236 

LC052257 

16 

J. naritai 

G1167 

Lake Biwa, Shiga Prefecture, Japan 

LC214787* 

LC052249 

LC052270 

13 

J. suwaensis 

G88 

Lake Suwa, Nagano Prefecture, Japan 

LC214767* 

LC052237 

LC052258 

13 

J. suwaensis 

G89 

Lake Suwa, Nagano Prefecture, Japan 

LC214768* 

LC052238 

LC052259 


Jesogammarus (Jesogammarus) 


7 

J. fujinoi 

G17 

Gobanmiki, Yamagata, Yamagata Prefecture, Japan 

LC214762* 

LC052232 

LC052253 


J. hebeiensis 

IZCAS- 

1-40294 

Yanqing, Beijing, China 

EF582998 


EF582847 

10 

J. hinumensis 

G52 

Lake Hinuma, Ibaraki Prefecture, Japan 

LC214765* 

LC052235 

LC052256 

14 

J. hokurikuensis 

G383 

Takinami, Fukui, Fukui Prefecture, Japan 

LC214771* 

LC052241 

LC052262 

19 

J. ikiensis 

G515 

Katsumoto, Iki, Nagasaki Prefecture, Japan 

LC214772* 

LC052242 

LC052263 

1 

J. jesoensis 

G164 

Sapporo, Hokkaido, Japan 

LC214769* 

LC052239 

LC052260 

2 

J. mikadoi 

G13 

Rokugo, Akita Prefecture, Japan 

LC214761* 

LC052231 

LC052252 

9 

J. paucistulosus 

G1037 

Mite, Ibaraki Prefecture, Japan 

LC214780* 

LC052247 

LC052268 

9 

J. paucistulosus 

G1038 

Mite, Ibaraki Prefecture, Japan 

LC214781* 

LC214540* 

LC214797* 

11 

J. paucistulosus 

G1017 

Sakuragawa, Ibaraki Prefecture, Japan 

LC214775* 

LC214535* 

LC214792* 

8 

J. paucistulosus 

G1159 

Kitaibaraki, Ibaraki Prefecture, Japan 

LC214784* 

LC214543* 

LC214800* 

8 

J. paucistulosus 

G1160 

Kitaibaraki, Ibaraki Prefecture, Japan 

LC214785* 

LC214544* 

LC214801* 

4 

J. shonalensis 

G192 

Sakata, Yamagata Prefecture, Japan 

LC214770* 

LC052240 

LC052261 

12 

J. spinopalpus 

G32 

Onjuku, Chiba Prefecture, Japan 

LC214763* 

LC052233 

LC052254 


Outgroup 



Eogammarus kygl 

G1 

Naibetsu River, Eniwa, Hokkaido, Japan 

LC214759* 

LC052229 

LC052250 


Eogammarus possjeticus 

G3 

Akkeshi, Hokkaido, Japan 

LC214760* 

LC052230 

LC052251 


Spasskogammarus spasskii 

G35 

Akkeshi, Hokkaido, Japan 

LC214764* 

LC052234 

LC052255 


for the PCR and cycle sequencing reactions used in this 
study were as follows: for 28S rRNA (28S), 28SF and 
28SR (Tomikawa et al. 2012); for cytochrome c oxidase 
subunit I (COI), Am-COI-H and Am-COI-T (Tomikawa 
2015); for 16S rRNA (16S), 16STf (Macdonald III et 
al. 2005) and 16Sbr (Palumbi 1996; modified to corre¬ 
spond with “Fruit Fly”). The PCR reactions and DNA 
sequencing were performed using the identical method 
mentioned in Tomikawa (2015). In total, 59 sequences 
from the unidentified Jesogammarus specimens and J. 
paucisetulosus were newly obtained in this study, and 
deposited with the International Nucleotide Sequence 
Database Collaboration (INSDC) through the DNA Data 
Bank of Japan (Table 1). 


Molecular phylogenetic analyses 

Thirty-two published sequences were obtained from the IN¬ 
SDC for use in molecular phylogenetic analyses (Table 1). 
Along with the two Chinese Jesogammarus species, J. (A.) 
debilis Hou & Li, 2005 and J. (J.) hebeiensis Hou & Li, 
2004, used in the previous phylogenetic study (Hou et al. 
2007), three anisogammarid species, Eogammarus l^gi 
(Derzhavin, 1923), E. possjeticus (Tzvetkova, 1967), and 
Spasskogammarus spasskii (Bulycheva, 1952), were in¬ 
cluded in the analyses as outgroup taxa. 

The phylogenetic positions of the unidentified species 
among Jesogammarus were estimated based on the gene 
fragments of 28S, COI, and 16S sequences. The align- 
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ment of COI was trivial, as no indels were observed. The 
28S and 16S sequences were aligned using MAFFT v. 
7.305b L-INS-i (Katoh and Standley 2013). The lengths 
of 28S, COI and 16S sequences were 717, 362, and 420 
bp, respectively. The concatenated sequences thus yielded 
1,499 bp of alignment positions. One of each four com¬ 
pletely identical sequence pairs (KUZ Z1803 and KUZ 
Z1804; KUZ Z1799 and KUZ Z1800; G1037 and G1038; 
and KUZ Z1805 and KUZ Z1806) was removed from the 
dataset using the “pgelimdupseq” command implement¬ 
ed in Phylogears v. 2.0.2014.03.08 (Tanabe 2008). 

Phylogenetic relationships were estimated using max¬ 
imum likelihood (ML) and Bayesian inference (BI). ML 
phylogenies were conducted using RAxML v. 8.2.8 (Sta- 
matakis 2014) with GTRCAT, immediately after nonpara- 
metric bootstrapping (Felsenstein 1985) (BS) conducted 
with 1,000 replicates. The best-fit partitioning scheme 
for the ML analysis was identified with the Akaike infor¬ 
mation criterion (Akaike 1974) using PartitionFinder v. 
1.1.1 (Lanfear et al. 2012) with the “all” algorithm: each 
of 28S, 1st to 3rd positions of COI and 16S were, respec¬ 
tively, treated as a separate partition. 

BI and Bayesian posterior probabilities (PPs) were es¬ 
timated using MrBayes v. 3.2.6 (Ronquist et al. 2012). 
The best-fit models for each partition were identified 
with the Bayesian information criterion (Schwarz 1978) 
using PartitionFinder with the “all” algorithm: for 28S 
and the 2nd position of COI, K80+G; for 1st position of 
COI, SYM+I; for the 3rd position of COI, GTR+G; and 
for 16S, HKY+G. Two independent runs of four Markov 
chains were conducted for 5 million generations, and the 
tree was sampled every 100 generations. The parameter 
estimates and convergence were checked using Tracer 
V. 1.6.0 (Rambaut and Drummond 2013) and the first 
20,001 trees were discarded based on the results. 

Taxonomy 

Jesogammarus {Jesogammarus) bousfieldi sp. n. 

http://zoobank.org/EClFlC3D-259C-4D7A-B88D-51AA229605A2 
New Japanese name; Nagare-yokoebi 
Figs 2-8 

Type materials. Holotype: Male (9.8 mm), NSMT-Cr 
25470, Aburato (38°45'23.9"N, 139°43'14.7"E), Tsuruo- 
ka, Yamagata Prefecture, Japan, 26 November 2013, col¬ 
lected by K. Tomikawa. Paratypes: 1 ovigerous female (6.6 
mm), NSMT-Cr 25471, 1 male (8.2 mm), KUZ Z1799, 1 
male (8.4 mm), KUZ Z1800, data same as for holotype; 
1 female (8.9 mm), KUZ Z1797, 1 male (9.0 mm), KUZ 
Z1798, Gassan (38°33'53.2"N, 139°56'24.3"E), Tsuruo- 
ka, Yamagata Prefecture, Japan, 26 November 2013, col¬ 
lected by K. Tomikawa; 1 Male (10.4 mm), NSMT-Cr 
25472, 1 ovigerous female (9.2 mm), NSMT-Cr 25473, 
1 ovigerous female (7.8 mm), KUZ Z1801, 1 male (10.3 
mm), KUZ Z1802, Otaki, Mamurogawa, Yamagata Pre¬ 
fecture, Japan, 15 April 2001, collected by K. Tomikawa. 


Type locality. Japan, Yamagata Prefecture: Tsuruoka, 
Aburato. 

Description. Male [NSMT-Cr 25470, 9.8 mm]. Head 
(Fig. 2) with short rostrum; ventral margin of lateral 
cephalic lobe weakly concave; antennal sinus round¬ 
ed; eyes oval, major axis 0.2 x height of head. Dorsal 
surfaces of pereonites smooth (Fig. 2). Dorsal margins 
of pleonites 1-3 (Fig. 3A-C) with 4, 4, and 9 setae, re¬ 
spectively. Posterior margin of epimeral plate 1 round¬ 
ed with seta, posteroventral corner with seta, antero- 
ventral corner with 8 setae (Fig. 3D); posterior margin 
of plate 2 almost straight with 4 setae, posteroventral 
corner quadrate with seta, anteroventral corner with 
4 setae, ventral submargin with 2 robust setae and 2 
small setae (Fig. 3E); posterior margin of plate 3 al¬ 
most straight with 5 setae, posteroventral corner quad¬ 
rate with seta, anteroventral corner with 2 setae, ventral 
submargin with 2 robust setae (Fig. 3F). Urosomites 
1-3 (Fig. 3G-I) with 8, 6, and 2 robust setae associated 
with slender setae on dorsal margins. 

Antenna 1 (Fig. 3J): length 0.5 x body length; peduncu¬ 
lar articles 1-3 in length ratio of 1.0:0.8:0.5; posterodis- 
tal corner of peduncular article 1 without robust seta, pos¬ 
terior margin of peduncular article 1 with 2 clusters and 1 
pair of setae and 1 single seta, posterior margin of pedun¬ 
cular article 2 with 5 clusters and 1 pairs of setae, posterior 
margin of peduncular article 3 with 2 clusters and 1 pair of 
setae; accessory flagellum 6-articulate; primary flagellum 
26-articulate, each article with 1 aesthetasc. 

Antenna 2 (Fig. 3K): length 0.6 x antenna 1; posterior 
margin of peduncular article 4 with 5 clusters of setae, 
posterior margin of peduncular article 5 with 3 clusters 
and 1 pair of setae and 1 single seta; flagellum 13-articu- 
late, calceoli present (Fig. 3E). 

Mouthparts. Upper lip (= labrum) (Fig. 3M) with 
rounded distal margin, bearing fine setae. Mandibles 
(Fig. 3N-P) with left and right incisors 5- and 4-dentate, 
respectively, left lacinia mobilis 4-dentate, right one bi¬ 
fid, bearing many teeth; molar process triturative, with 
plumose seta; accessory setal rows of left and right man¬ 
dibles with 7 and 6 blade-like setae, respectively; palp 
3-articulate with length ratio of 1.0 : 4.4 : 4.0, palp article 
1 bare, article 2 with 22 setae, article 3 with 2 clusters and 
1 pair of A-setae, 1 pair of B-setae, and many C-, D-, and 
E-setae. Eower lip (= labium) (Fig. 3Q) with broad outer 
lobes, inner lobes indistinct. Maxilla 1 (Fig. 4A) with in¬ 
ner and outer plates and palp; medial margin and apical 
submargin of inner plate with 20 and 2 plumose setae, 
respectively; outer plate subrectangular, with 11 serrate 
teeth apically (Fig. 4B); palp 2-articulate, longer than out¬ 
er plate, article 1 lacking marginal setae, article 2 with 7 
robust setae and 1 slender seta on its apical margin and 
3 slender setae on its submargin, outer margin without 
setae. Maxilla 2 (Fig. 4C) with oblique inner row of 19 
plumose setae on inner plate; outer plate almost as long 
as inner plate. Maxilliped (Fig. 4D) with inner and outer 
plates and palp; inner plate with 3 and 2 robust setae on 
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Figure 2. Jesogammarus bousfieldi sp. n., holotype, male (9.8 mm), NSMT-Cr 25470. Habitus, lateral view. 


apical and inner margins, respectively; outer plate with 
plumose setae on apical margin and robust setae on inner 
margin; palp 4-articulate, article 2 with inner marginal 
and submarginal rows of setae, article 3 with facial setae, 
article 4 slightly curved inward, with slender nail. 

Gnathopod 1 (= pereopod 1) (Fig. 4E): coxa (= article 
1) with 13 setae on anterodistal to ventral margin; anterior 
and posterior margins of basis (= article 2) with long se¬ 
tae; carpus (= article 5) length 1.5 x width, anterior mar¬ 
gin with 1 pair of setae; propodus (= article 6) length 1.4 
X carpus and 1.4 x width, anterior margin with 1 pair and 
1 cluster of setae, palmar margin oblique, weakly convex, 
with 15 peg-shaped robust setae (Fig. 4F); dactylus (= 
article 7) as long as palmar margin. 

Gnathopod 2 (= pereopod 2) (Fig. 4G): coxa with 6 
marginal setae on ventral margin, posterodistal corner 
with 1 seta; anterior and posterior margins of basis with 
long setae; carpus length 1.5 x width, anterior margin 
with 1 pair of setae; propodus length 1.2 x carpus and 
1.5 X width, respectively, anterior margin with 2 clusters 
of setae, palmar margin oblique, weakly convex, with 10 
peg-shaped robust setae (Fig. 4H); dactylus as long as 
palmar margin. 

Pereopod 3 (Fig. 41): coxa with 7 marginal setae on 
ventral part, posteroproximal part with 2 setae; anterior 
and posterior margins of basis with long setae, anterodis¬ 
tal eorner of basis with robust seta. 

Pereopod 4 (Fig. 4J): coxa expanded with posterior 
concavity, bearing 2 setae on anterodistal corner and 6 


setae on ventral margin; anterior and posterior margins of 
basis with long setae, anterodistal corner with robust seta. 

Pereopod 5 (Fig. 5A): coxa bilobed, anterior lobe with 
apical seta, ventral margin of posterior lobe with 3 setae, 
posterodistal corner rounded with seta; posterior margin 
of basis weakly expanded, with 13 setae; anterior and 
posterior margins of merus to propodus with robust and 
slender setae. 

Pereopod 6 (Fig. 5B): coxa bilobed, anterior lobe 
with anteroproximal setae, ventral margin of posterior 
lobe with 3 setae, posterodistal corner rounded with seta; 
posterior margin of basis weakly expanded with 12 se¬ 
tae, posterodistal comer with robust seta associated with 
small seta; anterior and posterior margins of merus to 
propodus with robust and slender setae. 

Pereopod 7 (Fig. 5C): ventral margin of coxa weakly 
concave, bearing 2 setae on anterior part and 4 setae on 
posteroventral part; posterior margin of basis weakly ex¬ 
panded with 9 setae, posterodistal eorner with robust seta 
associated with 2 small setae; anterior and posterior mar¬ 
gins of mems to propodus with robust and slender setae. 

Coxal gills on gnathopod 2 and pereopods 3-5 
(Fig. 5D-G) with 2 accessory lobes, posterior lobes 
longer than anterior ones, gills on pereopods 6 and 7 
(Fig. 5H, I) each with 1 accessory lobe. 

Pleopods 1-3 (Fig. 5J) each with paired retinacula 
(Fig. 5L) on inner margin of peduncle, and bifid plumose 
setae (= clothes-pin setae) (Fig. 5K) on inner basal mar¬ 
gin of inner ramus. 
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Figure 3. Jesogammarus bousfieldi sp. n., holotype, male (9.8 mm), NSMT-Cr 25470. A-C dorsal margins of pleonites 1-3, respec¬ 
tively, dorsal views; D-F epimeral plates 1-3, respectively, lateral views; G-I dorsal margins of urosomites 1-3, respectively, dorsal 
views; J peduncular articles 1-3, accessory flagellum, and flagellar articles 1-3 of antenna 1, medial view; K peduncular articles 
1-5 and flagellar articles 1-3 of antenna 2, medial view; L calceolus of antenna 2, medial view; M upper lip, anterior view; N left 
mandible, medial view; O incisor and lacinia mobilis of left mandible, lateral view; P incisor and lacinia mobilis of right mandible, 
lateral view; Q lower lip, ventral view. 
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Figure 4. Jesogammarus bousfieldi sp. n., holotype, male (9.8 mm), NSMT-Cr 25470. A maxilla 1, dorsal view; B outer plate 
of maxilla 1, dorsal view; C maxilla 2, dorsal view; D maxilliped, dorsal view; E gnathopod 1, lateral view; F palmar margin of 
propodus of gnathopod 1, lateral view; G gnathopod 2, lateral view; H palmar margin of propodus of gnathopod 2, lateral view; 
I pereopod 3, lateral view; J pereopod 4, lateral view. 
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Figure 5. Jesogammarus bousfieldi sp. n., holotype, male (9.8 mm), NSMT-Cr 25470 (A-C and E-P) and paratype, female (6.6 
mm), NSMT-Cr 25471 (D). A coxa-ischium of pereopod 5, lateral view; B coxa-ischium of pereopod 6, lateral view; C coxa-is¬ 
chium of pereopod 7, lateral view; D-I coxal gills on gnathopod 2 and pereopods 3-7, lateral views; J pleopod 1, lateral view, 
distal parts of rami omitted; K bifid plumose seta (clothes-pin seta) on inner basal margin of inner ramus of pleopod 1, lateral view; 
L retinacula on peduncle of pleopod 1, lateral view; M uropod 1, dorsal view; N uropod 2, dorsal view; O uropod 3, dorsal view; 
P telson, dorsal view. 
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Figure 6 . Jesogammarus bousfieldi sp. n., paratype, female (6.6 mm), NSMT-Cr 25471. A peduncular articles 1-3, accessory fla¬ 
gellum, and flagellar articles 1-3 of antenna 1, medial view; B peduncular articles 1-5 and flagellar articles 1-3 of antenna 2, medial 
view; C gnathopod 1, lateral view; D palmar margin of propodus of gnathopod 1, lateral view; E gnathopod 2, lateral view; F palmar 
margin of propodus of gnathopod 2, lateral view; G brood plate of gnathopod 2, lateral view. 


Uropods. Uropod 1 (Fig. 5M): peduncle with robust 
seta on basofacial part, inner and outer margins each 
with 2 robust setae, inner and outer distal corners with 1 
and 2 robust setae, respectively; inner ramus length 0.7 
X peduncle, inner margin with 2 robust setae and outer 
margin with robust seta; outer ramus length 0.8 x inner 
ramus, inner and outer margins each with robust seta. 
Uropod 2 (Fig. 5N): peduncle with 2 robust setae on in¬ 


ner and outer margins, respectively, inner and outer dis¬ 
tal corners each with robust seta; inner ramus length 0.8 
X peduncle, its inner and outer margins each with robust 
seta; outer ramus length 0.9 x inner ramus, marginally 
bare. Uropod 3 (Fig. 50): peduncle length 0.3 x outer 
ramus; inner ramus length 0.2 x outer ramus, with 2 
slender setae and robust seta on inner margin, and apical 
seta; outer ramus 2-articulate, inner and outer margins 
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D 





Figure 7. Jesogammarus housfieldi sp. n., paratype, female (6.6 mm), NSMT-Cr 25471. A coxa-ischium of pereopod 5, lateral 
view; B coxa-ischium of pereopod 6, lateral view; C coxa-ischium of pereopod 7, lateral view; D uropod 3, dorsal view. 



Figure 8. Jesogammarus bousfieldi sp. n., not preserved, precopula pair (male: upper, female: lower). Photographed by Ryu 
Uchiyama. 
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of article 1 each with 3 clusters of setae, some of whieh 
robust, inner margin with plumose seta, article 2 length 
0.1 X article 1, with simple setae apically. 

Tel son (Fig. 5P) length 0.8 times x width, cleft for 79% 
of length; each lobe with 2 robust setae and slender setae. 

Female [NSMT-Cr 25471, 6.6 mm]. Antenna 1 (Fig. 
6A): peduncular articles 1-3 in length ratio of 1.0 : 0.7 : 
0.5; posterior margin of peduneular article 1 with 3 pairs 
of setae and single seta, posterior margin of peduncular 
article 2 with 5 clusters of setae, posterior margin of pe¬ 
duncular article 3 with 2 clusters of setae; aecessory fla¬ 
gellum 4-articulate; primary flagellum 19-articulate. 

Antenna 2 (Fig. 6B): posterior margin of peduncular ar¬ 
ticle 4 with 1 cluster and 4 pairs of setae and single seta, 
posterior margin of peduneular article 5 with 3 clusters and 
2 pairs of setae; flagellum 12-articulate, ealceoli absent. 

Gnathopod 1 (Fig. 6C): posteroproximal part of coxa 
without setae; carpus length 1.4 x width; propodus slight¬ 
ly longer than merus and 1.5 x width; palmar margin 
(Fig. 6D) with 5 robust setae. 

Gnathopod 2 (Fig. 6E): posteroproximal part of eoxa 
without setae; carpus length 1.9 x width; propodus almost 
as long as merus, lenght 1.8 x width; palmar margin (Fig. 
6F) with 3 robust and 4 pectinate robust setae. 

Posterior margin of bases of pereopods 5-7 more ex¬ 
panded than in male (Fig. 7A-C). 

Brood plates (= oostegites) (Fig. 6G): broad, with nu¬ 
merous marginal setae. 

Uropod 3 (Fig. 7D): peduncle length 0.4 x outer ra¬ 
mus; inner ramus length 0.3 x outer ramus; inner and 
outer margins of article 1 of outer ramus eaeh with 2 clus¬ 
ters of setae, plumose setae absent, article 2 length 0.2 x 
article 1. 

Egg number 6 (16 in female from Mamurogawa [NS¬ 
MT-Cr 25473]). 

Etymology. Jesogammarus bousfieldi was named in re¬ 
membrance of the late Dr Edward Eloyd Bousfleld, who 
enthusiastically guided and encouraged many Japanese 
amphipodologists, and sadly passed away on 7 Septem¬ 
ber 2016. 

Distribution and habitat. This species is known only 
from Yamagata Prefeeture. The specimens were collected 
from small mountain streams. Ovigerous females were 
collected from November to April. 

Remarks. Jesogammarus bousfieldi resembles J. pauci- 
setulosus closely in having 1) small eyes, 2) posterodistal 
corner of peduncular article 1 of antenna 1 without robust 
seta, 3) posterior margins of peduncular articles antennae 
1 and 2 with many long setae, 4) outer margin of palp ar¬ 
ticle 2 of maxilla 1 without setae, and 5) ventral margins 
of coxae of female gnathopods 1 and 2 with few setae. 
However, J. bousfieldi differs from J. paucisetulosus by 
the number of setae on the dorsal margins of pleonites 
1-3: each pleonite with more than 4 setae in J. bousfieldi 
vs. 0-3 in J. paucisetulosus. 


Jesogammarus {Jesogammarus) uchiyamaryui sp. n. 

http://zoobank.org/7E6DE7E7-4892-4526-B42B-A2414895D665 
New Japanese name: Uchiyama-yokoebi 
Figs 9-14 

Type materials. Holotype: Male (10.3 mm), NSMT-Cr 
25474, Tanie River (33°49T6.9"N, 129°44'0.4"E), Ashi- 
be, Iki, Nagasaki Prefecture, Japan, 8 March 2012, col¬ 
lected by K. Tomikawa and S. Tashiro. Paratypes: 1 ovig¬ 
erous female (9.2 mm), NSMT-Cr 25475, 1 male (12.1 
mm), KUZ Z1803, 1 male (12.0 mm), KUZ Z1804, data 
same as for holotype; 1 male (8.6 mm), KUZ Z1805, 1 
male (9.1 mm), KUZ Z1806, Mukata (32°42'54.7"N, 
128°50T9.3"E), Goto, Nagasaki Prefecture, Japan, 15 De¬ 
cember 2015, collected by K. Tomikawa and S. Tashiro. 

Type locality. Japan, Nagasaki Prefecture: Iki, Ashibe, 
Tanie River. 

Description. Male [NSMT-Cr 25474, 10.3 mm]. Head 
(Fig. 9) with short rostrum; ventral margin of lateral ce¬ 
phalic lobe weakly concave; antennal sinus rounded; eyes 
reniform, major axis 0.4 x height of head. Dorsal surfaces 
of pereonites smooth (Fig. 9). Dorsal margins of pleonites 
1-3 (Fig. lOA-C) eaeh with 2 setae. Posterior margin of 
epimeral plate 1 rounded with seta, posteroventral cor¬ 
ner with seta, anteroventral to ventral margin with 7 setae 
(Fig. lOD); posterior margin of plate 2 weakly sinusoid 
with seta, posteroventral eorner quadrate with seta, ven¬ 
tral margin and submargin with 3 and 2 robust setae, re¬ 
spectively (Fig. lOE); posterior margin of plate 3 slightly 
waved with seta, posteroventral corner weakly pointed 
with seta, anteroventral to ventral margin with 4 robust 
and 1 small setae (Fig. lOF). Urosomites 1-3 (Fig. lOG-I) 
with 10, 6, and 6 robust setae on dorsal margins. 

Antenna 1 (Fig. lOJ): length 0.6 x body length; pe¬ 
duneular articles 1-3 in length ratio of 1.0 : 0.7 : 0.5; 
posterodistal corner of peduncular article 1 with robust 
seta, posterior margin of peduncular article 1 with sin¬ 
gle seta, posterior margin of peduncular article 2 with 1 
cluster and 1 pair of setae, posterior margin of peduneular 
artiele 3 with pair of setae; accessory flagellum 5-artieu- 
late; primary flagellum 28-articulate, each article with 1 
aesthetasc. 

Antenna 2 (Fig. lOK): length 0.7 x antenna 1; poste¬ 
rior margin of peduncular article 4 with 2 clusters and 
1 pair of setae, posterior margin of peduncular article 5 
with 2 clusters of setae; flagellum 14-articulate, ealceoli 
present (Fig. lOE). 

Mouthparts. Upper lip (= labrum) (Fig. lOM) with 
rounded distal margin, bearing fine setae. Mandibles 
(Fig. lON-P) with left and right incisors 5- and 4-den- 
tate, respectively, left lacinia mobilis 5-dentate, right one 
bifid, bearing many teeth; molar process triturative, with 
plumose seta; accessory setal rows of left and right man¬ 
dibles each with 6 blade-like setae; palp 3-articulate with 
length ratio of 1.0 : 2.3 : 2.0, palp article 1 bare, article 2 
with 16 setae, article 3 with 1 eluster and 2 pairs of A-se- 
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Figure 9. Jesogammarus uchiyamaryui sp. n., holotype, male (10.3 mm), NSMT-Cr 25474. Habitus, lateral view. 


tae, single B-seta, and many C-, D-, and E-setae. Lower 
lip (= labium) (Fig. lOQ) with broad outer lobes, inner 
lobes indistinct. Maxilla 1 (Fig. 11 A) with inner and out¬ 
er plates and palp; medial margin of inner plate with 16 
plumose setae 2 plumose setae, apical submargin with 4 
setae; outer plate subrectangular, with 11 serrate teeth api- 
cally (Fig. 1 IB); palp 2-articulate, longer than outer plate, 
article 1 lacking marginal setae, article 2 with 5 robust 
setae and 1 slender seta on its apical margin and 4 slender 
setae on its submargin, outer margin with 2 setae. Max¬ 
illa 2 (Fig. IIC) with oblique inner row of 16 plumose 
setae on inner plate; outer plate slightly longer than inner 
plate. Maxilliped (Fig. IID) with inner and outer plates 
and palp; inner plate with 3 and 2 robust setae on apical 
and inner margins, respectively; outer plate with plumose 
setae on apical margin and robust setae on inner margin; 
palp 4-articulate, article 2 with inner marginal and sub¬ 
marginal rows of setae, article 3 with facial setae, article 
4 slightly curved inward, with slender nail. 

Gnathopod 1 (Fig. HE): coxa with 12 setae on antero- 
distal to to posterodistal margin; anterior and posterior 
margins of basis with long setae; carpus length 1.5 x 
width, anterior margin with single seta; propodus length 
1.3 X carpus and 1.4 x width, anterior margin with 2 
clusters of setae and single seta, palmar margin oblique, 
weakly convex, with 15 peg-shaped robust setae (Fig. 
IIF); dactylus as long as palmar margin. 

Gnathopod 2 (Fig. IIG): coxa with 8 marginal setae 
on anterodistal to posterodistal margin, medial surface 
with 2 setae; anterior and posterior margins of basis with 


long setae; carpus length 1.7 x width, anterior margin 
with 1 pair of setae; propodus length Fix carpus and 1.5 
X width, respectively, anterior margin with 1 cluster and 

1 pair of setae, palmar margin oblique, weakly convex, 
with 14 peg-shaped robust setae (Fig. IIH); dactylus as 
long as palmar margin. 

Pereopod 3 (Fig. Ill): coxa with 4 and 2 marginal se¬ 
tae on anterodistal and posterodistal parts, respectively; 
anterior and posterior margins of basis with long setae, 
anterodistal comer of basis without robust seta. 

Pereopod 4 (Fig. IIJ): coxa expanded with posterior 
concavity, bearing 2 setae on anterodistal corner and 4 
setae on ventral margin; anterior and posterior margins of 
basis with long setae, anterodistal comer with robust seta. 

Pereopod 5 (Fig. 12A): coxa bilobed, anterior lobe 
with 2 apical setae, ventral margin of posterior lobe with 

2 setae, posterodistal corner not pointed with seta; poste¬ 
rior margin of basis weakly expanded, with 9 setae; an¬ 
terior and posterior margins of merus to propodus with 
robust and slender setae. 

Pereopod 6 (Fig. 12B): coxa bilobed, anterior lobe 
with apical seta, anterior margin with long setae, ventral 
margin of posterior lobe with 2 setae, posterodistal corner 
weakly pointed with seta; posterior margin of basis weak¬ 
ly expanded with 9 setae, posterodistal corner with robust 
seta; anterior and posterior margins of merus to propodus 
with robust and slender setae. 

Pereopod 7 (Fig. 12C): ventral margin of coxa weak¬ 
ly concave, bearing 3 setae on anterior margin and 4 se¬ 
tae on posteroventral margin; posterior margin of basis 
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Figure 10. Jesogammarus uchiyamaryui sp. n., holotype, male (10.3 mm), NSMT-Cr 25474. A-C dorsal margins of pleonites 1-3, 
respectively, dorsal views; D-F epimeral plates 1-3, respectively, lateral views; G-I dorsal margins of urosomites 1-3, respectively, 
dorsal views; J peduncular articles 1-3, accessory flagellum, and flagellar articles 1-3 of antenna 1, medial view; K peduncular 
articles 1-5 and flagellar articles 1-3 of antenna 2, medial view; L calceolus of antenna 2, medial view; M upper lip, anterior view; 
N left mandible, medial view; O incisor and lacinia mobilis of left mandible, lateral view; P incisor and lacinia mobilis of right 
mandible, lateral view; Q lower lip, ventral view. 
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Figure 11. Jesogammarus uchiyamaryui sp. n., holotype, male (10.3 mm), NSMT-Cr 25474. A maxilla 1, dorsal view; B outer 
plate of maxilla 1, dorsal view; C maxilla 2, dorsal view; D maxilliped, dorsal view; E gnathopod 1, lateral view; F palmar margin 
of propodus of gnathopod 1, lateral view; G gnathopod 2, lateral view; H palmar margin of propodus of gnathopod 2, lateral view; 
I pereopod 3, lateral view; J pereopod 4, lateral view. 
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Figure 12. Jesogammarus uchiyamaryui sp. n., holotype, male (10.3 mm), NSMT-Cr 25474. A coxa-ischium of pereopod 5, lateral 
view; B coxa-ischium of pereopod 6, lateral view; C coxa-ischium of pereopod 7, lateral view; D-I coxal gills on gnathopod 2 and 
pereopods 3-7, lateral views; J pleopod 1, lateral view, distal parts of rami omitted; K bifid plumose seta (clothes-pin seta) on inner 
basal margin of inner ramus of pleopod 1, lateral view; L retinacula on peduncle of pleopod 1, lateral view; M uropod 1, dorsal view; 
N uropod 2, dorsal view; O uropod 3, dorsal view; P telson, dorsal view. 
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Figure 13. Jesogammarus uchiyamaryui sp. n., paratype, female (9.2 mm), NSMT-Cr 25475. A peduncular articles 1-3, accessory 
flagellum, and flagellar articles 1-3 of antenna 1, medial view; B peduncular articles 1-5 and flagellar articles 1-3 of antenna 2, 
medial view; C gnathopod 1, lateral view; D palmar margin of propodus of gnathopod 1, lateral view; E gnathopod 2, lateral view; 
F palmar margin of propodus of gnathopod 2, lateral view; G brood plate of gnathopod 2, lateral view; H coxa-ischium of pereopod 
5, lateral view; I coxa-ischium of pereopod 6, lateral view; J coxa-ischium of pereopod 7, lateral view; K uropod 3, dorsal view. 
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Figure 14. Jesogammarus uchiyamaryui sp. n., not preserved, precopula pair (male: upper, female; lower). Photographed by Ryu 
Uchiyama. 


weakly expanded with 7 setae, posterodistal corner with 
2 robust setae; anterior and posterior margins of merus to 
propodus with robust and slender setae. 

Coxal gills on gnathopod 2 and pereopods 3-5 
(Fig. 12D-G) with 2 accessory lobes, both anterior and 
posterior lobes short, subequal, gills on pereopods 6 and 
7 (Fig. 12H, I) each with 1 accessory lobe. 

Pleopods 1-3 (Fig. 12J) each with paired retinac¬ 
ula (Fig. 12L) on inner margin of peduncle, and bifid 
plumose setae (= clothes-pin setae) (Fig. 12K) on inner 
basal margin of inner ramus. 

Uropods. Uropod 1 (Fig. 12M): peduncle with robust 
seta on basofacial part, inner and outer margins with 4 and 
2 setae, respectively, inner and outer distal comers with 1 
and 2 robust setae, respectively; inner ramus length 0.7 x 
peduncle, inner margin with 2 robust setae and outer mar¬ 
gin with 1 robust and 1 small setae; outer ramus length 
0.9 X inner ramus, inner and outer margins each with ro¬ 
bust seta. Uropod 2 (Fig. 12N): inner and outer margins 
of peduncle each with 2 setae, outer distal corner with ro¬ 
bust seta; inner ramus length 0.7 x peduncle, its inner and 
outer margins each with robust seta; outer ramus length 
0.9 X inner ramus, marginally bare. Uropod 3 (Fig. 120): 
peduncle length 0.2 x outer ramus; inner ramus length 0.2 


X outer ramus, with inner marginal seta and apical seta; 
outer ramus 2-articulate, inner and outer margins of arti¬ 
cle 1 each with 4 clusters of setae, some of which robust, 
both inner and outer margins with plumose setae, article 2 
length 0.2 x article 1, with simple setae apically. 

Telson (Fig. 12P) almost as long as wide, cleft for 63% of 
length; each lobe with 2 or 3 robust setae and slender setae. 

Female [NSMT-Cr 25475, 9.2 mm]. Antenna 1 
(Fig. 13A): peduncular articles 1-3 in length ratio of 1.0 
: 0.7 : 0.4; posterior margin of peduncular article 1 with 2 
single setae, posterior margin of peduncular article 2 with 

2 pairs of setae, posterior margin of peduncular article 

3 with cluster of setae; accessory flagellum 6-articulate; 
primary flagellum 31-articulate. 

Antenna 2 (Fig. 13B): posterior margin of peduncu¬ 
lar article 4 with 2 clusters of setae, posterior margin of 
peduncular article 5 with 2 pairs of setae and single seta; 
flagellum 13-articulate, calceoli absent. 

Gnathopod 1 (Fig. 13C): posterior margin of coxa with 
many setae; carpus length 1.4 x width; propodus length 
1.2 X merus and 1.6 x width, respectively; palmar margin 
(Fig. 13D) with 5 robust setae. 

Gnathopod 2 (Fig. 13E): posteroproximal part of 
coxa with numerous setae; carpus length 2.2 x width; 
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propodus length 0.9 x merus and 2.1 x width, respec¬ 
tively; palmar margin (Fig. 13F) with 1 robust and 10 
pectinate robust setae. 

Posterior margin of bases of pereopods 5-7 more ex¬ 
panded than in male (Fig. 13H-J). 

Brood plates (Fig. 13G): broad, with numerous mar¬ 
ginal setae. 

Uropod 3 (Fig. 13K): peduncle length 0.3 x outer ra¬ 
mus; inner ramus length 0.2 x outer ramus; inner and 
outer margins of article 1 of outer ramus with 5 and 3 
clusters/pairs of setae, article 2 length 0.2 x article 1. 

Egg number 154. 

Etymology. The specific name honors Mr Ryu Uchiyama 
(nature photographer), who provided many photos of liv¬ 
ing amphipods throughout KT’s amphipodological study. 

Distribution and habitat. This species is known from 
Iki and Fukue Islands, Nagasaki Prefecture. The speci¬ 
mens were collected from river mouths subject to tidal 
action. An ovigerous female was collected in March. 

Remarks. Jesogammarus uchiyamaryui is morphologi¬ 
cally similar to J. ikiensis Tomikawa, 2015 in having 1) 
dorsal margin of pereonites 5-7 without setae, 2) a few 
(<4) setae on dorsal margin of pleonites 1-3,3) large eyes, 
robust seta on posterodistal corner of peduncular article 
1 of antenna 1, and 4) mandibular palp article 1 without 
robust setae. However, J. uchiyamaryui differs from J. ik¬ 
iensis by the following features (features of J. ikiensis in 
parentheses): 1) posterior margin of peduncular article 2 
of antenna 1 with two (three or four) setae, 2) accessory 
lobes of coxal gills on gnathopod 2 and pereopods 3-5 
short and straight (long and curved), 3) ventral margins of 
coxae of female gnathopods 1 and 2 and pereopod 3 with 
numerous long setae (a few short setae), and 4) inner ra¬ 
mus of uropod 3 shorter than 0.2 (0.2-0.3) times as long as 
outer ramus. Jesogammarus uchiyamaryui is also similar 
to J. spinopalpusyiox'mo, 1985 in having 1) short accesso¬ 
ry lobes of coxal gills on gnathopod 2 and pereopods 3-5 
and 2) densely setose ventral margins of coxae of female 
gnathopods 1 and 2. However, the former differs from the 
latter by the following features (features of J. spinopalpus 
in parentheses): 1) eyes large (small), 2) dorsal margins 
of pleonites 1-3 each with two setae (numerous), 3) the 
mandibular palp article 1 without robust setae (present), 
4) inner ramus of uropod 3 shorter than 0.2 times as long 
as outer ramus (longer than 0.3), and 5) posterior margin 
of bases of female pereopods 5-7 with short (long) setae. 

Molecular phylogenies 

The BI tree (mean In Z =-8918.44; Fig. 15) had an almost 
identical topology to that of the ML tree (In L = -9156.46; 
not shown). The monophyly of the genus Jesogammarus 
was well-supported (BS = 100%, PP = 1.0). The genus 
Jesogammarus consisted of three monophyletic lineages: 
J. uchiyamaryui lineage (BS = 100%, PP = 1.0), the suh- 
gQmis Annanogammarus lineage (BS = 100%, PP = 1.0), 


and the subgenus Jesogammarus lineage (BS = 99%, PP 
= 1.0). However, our phylogenetic analyses failed to re¬ 
solve precise the phylogenetic relationships among these 
three lineages. 

The monophyly of the four species within the Annan¬ 
ogammarus lineage inhabiting Japan was well support¬ 
ed (BS = 94%, PP = 1.0). The Jesogammarus lineage 
comprised four subclades; however, the detailed phylo¬ 
genetic relationships among these four lineages remain 
unresolved. The first subclade (BS = 100%, PP = 1.0) 
contains the Chinese J. hebeiensis and J. spinopalpus 
from the Boso Peninsula on Honshu, Japan (locality #12 
in Fig. 1). The second subclade (BS = 91%, PP = 0.99) 
comprised J. hinumensis Morino, 1993 inhabiting brack¬ 
ish habitats of Japan and J. ikiensis from Iki Island. The 
third lineage (BS = 100%, PP = 1.0) included Japanese J. 
mikadoi Tomikawa, Morino & Mawatari, 2003 and four 
species defined as the J. jesoensis complex by Tomikawa 
et al (2016): the monophyly of the J. jesoensis complex 
was well-supported (BS = 97%, PP = 1.0). Jesogammarus 
paucistulosus and J. bousjieldi formed the last subclade 
(BS = 98%, PP = 1.0). J. paucistulosus and J. bousjieldi 
formed a well-supported clade (BS = 100%, PP = 1.0; 
respectively). The Jesogammarus paucistulosus speci¬ 
mens were divided into two lineages: individuals collect¬ 
ed from the southern part of Ibaraki Prefecture (#10, 11) 
formed a well-supported lineage (BS = 100%, PP = 1.0), 
and the remainder inhabiting the northern part of Ibaraki 
(#8) formed the other well-supported clade (BS = 100%, 
PP = 1.0). The J. bousjieldi specimens were also split into 
two lineages. Individuals from Mamurogawa (#3) formed 
a well-supported clade (BS = 100%, PP = 1.0), while the 
other amphipods inhabiting the southern part of Yamaga- 
ta Prefecture (#5, 6) grouped with a monophyletic lineage 
(BS = 100%, PP = 0.99). 

Discussion 

The species diversity of Jesogammarus inhabiting Ja¬ 
pan has been extensively investigated (Tattersall 1922, 
Schellenberg 1937, Bousfield 1979, Morino 1984, 1985, 
1986, 1993, Tomikawa and Morino 2003, Tomikawa et 
al. 2003, Tomikawa 2015). However, the present findings 
of the two new Jesogammarus species collected from Ja¬ 
pan suggest that the true species diversity of the Japanese 
Jesogammarus remains unknown. 

The freshwater J. bousjieldi described from Yamagata 
Prefecture has been treated as a population of J. pauci- 
setulosus, which was thought to be widely distributed in 
Ibaraki, Yamagata and Niigata Prefectures (Tomikawa 
2007, Tomikawa and Morino 2012). The latter species 
was originally described from a spring brooklet in Mito, 
Ibaraki Prefecture, Japan (Morino 1984). The J. bousjiel¬ 
di specimens were clearly distinguished from those of J. 
paucisetulosus collected from Ibaraki Prefecture by the 
number of marginal setae on dorsal margins of pleonites 
1-3. Additionally, our molecular phylogenetic analy- 
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Figure 15. Bayesian inference tree for 1,499 bp of nuclear 28S rRNA and mitochondrial COI and 16S rRNA markers. Numbers on 
nodes represent bootstrap values for maximum likelihood and Bayesian posterior probabilities. 


ses showed that J. bousfieldi was highly diverged from 
the true J. paucistulosus although they possessed sis¬ 
ter-species relationships. Their genetic divergence could 
be comparable to the detected intraspecific divergences 
among other Jesogammarus species. Thus, we conclud¬ 
ed that J. bousfieldi could be regarded as a distinct new 
species. Unfortunately, we could not examine specimens 
of J. paucisetulosus from Niigata Prefecture. A further 
taxonomic study is necessary to determine the taxonomic 
position of the population living there. 

Contrary to the highly diverged freshwater Jesogam¬ 
marus species, the number of known species indigenous 
to brackish habitats is limited: only J. hinumensis has 
been recorded from brackish lakes and estuaries in Japan 
(Morino 1993). Therefore, Jesogammarus uchiyamaryui 
is the second brackish-water species in this genus. This 
species is morphologically similar to the freshwater J. ik¬ 
iensis. Although both species are distributed on Iki Island 
(Tomikawa 2015), they were not collected from the same 
localities or at the same time on the island (Tomikawa, 
personal observation). The habitat preferences of these 
two species seem to be completely different. Moreover, 
the phylogeny showed that J. uchiyamaryui was not a sis¬ 
ter species of J. ikiensis, indicating that they did not share 


the last common ancestor. Because species diversity of 
the brackish Jesogammarus remains far from investigat¬ 
ed, it is highly possible that additional undescribed spe¬ 
cies may be found in brackish-water environments within 
the distributional range of the genus Jesogammarus. 

The morphological characteristics and the phyloge¬ 
netic positions of the two new species raises a question 
about the validity of the two subgenera, Jesogammarus 
and Annanogammarus, under the genus Jesogammarus. 
These two subgenera are characterized only by two 
morphological characters: 1) accessory lobes of coxal 
gills of gnathopod 2-pereopod 5 subequal in length or 
posterior accessory lobe longer than anterior accesso¬ 
ry lobe in the subgenus Jesogammarus vs. unequal in 
length, posterior accessory lobe often rudimentary in 
the subgenus Annanogammarus, and 2) palmar margin 
of propodus of female gnathopod 2 with pectinate ro¬ 
bust setae in the subgenus Jesogammarus vs. without 
pectinate robust setae in the subgenus Annanogam¬ 
marus. Jesogammarus bousfieldi and J. uchiyamaryui 
bear these subgeneric diagnostic characteristics that are 
identified with the subgenus Jesogammarus. Contrary to 
the monophyly of Annanogammarus implicated by pre¬ 
vious phylogenetic studies (Tomikawa et al. 2007, To- 


zse.pensoft.net 








































































208 


Tomikawa, K. et al.: Two new species of Jesogammarus from Japan 


mikawa 2015), the phylogenies obtained here failed to 
recover the monophyly of the subgenus Jesogammarus. 
Although the precise phylogenetic position of J. uchiya- 
maryui remains uncertain, the findings highlight that the 
subgeneric classification under the genus Jesogammarus 


may be abrogated along with synonymizing Annanoga- 
mmarus wAh Jesogammarus. Nevertheless, a future sys¬ 
tematic study is essential to reveal ^hQt\\QX Annanogam- 
marus should be treated as a subjective junior synonym 
of Jesogammarus. 


Key to species of Jesogammarus 


1 


2 

3 


4 

5 


6 

7 


8 

9 

10 


11 

12 


13 

14 

15 


Accessory lobes of coxal gills on gnathopod 2 and pereopods 3-5 well developed, both anterior and posterior lobes 
subequal in length or posterior lobe longer than anterior one; palmar margin of propodus of female gnathopod 2 with 

pectinate setae.2 (subgenus Jesogammarus) 

Accessory lobes of coxal gills on gnathopod 2 and pereopods 3-5 weakly developed, anterior and posterior lobes un¬ 
equal in length, often posterior lobe rudimentary; palmar margin of propodus of female gnathopod 2 without pectinate 

setae.12 (subgenus Annanogammarus) 

Article 1 of mandibular palp with setae.3 

Article 1 of mandibular palp without setae.6 

Dorsal margin of pleonites 1-3 each with 1-2 setae; eye large; article 1 of mandibular palp with 1 robust seta; female 

pereopods densely setose. J. hinumensis Morino, 1993 

Dorsal margin of pleonites 1-3 each with more than 4 setae; eye small to medium; article 1 of mandibular palp with 2 

or 3 robust setae; female pereopods not densely setose.4 

Peduncular article 1 of antenna 1 with robust seta on posterodistal corner. J. spinopalpus Morino, 1985 

Peduncular article 1 of antenna 1 with slender seta on posterodistal corner.5 

Inner ramus of uropod 3 length 1/4 x outer ramus; inner margin of outer ramus of uropod 3 with 4-6 plumose setae. 

. J. fontanus Hou & Li, 2004 

Inner ramus of uropod 3 length 1/3 x outer ramus; inner margin of outer ramus of uropod 3 with about 10 plumose 

setae. J. hebeiensis Hou & Li, 2004 

Dorsal margin of pereonites 1-3 each with 2 long setae. J. m//rac/o/Tomikawa, Morino & Mawatari, 2003 

Dorsal margin of pereonites 1-3 without setae.7 

Posterodistal corner of peduncular article 2 of antenna 1 without robust seta; posterior margin of peduncular article 2 
of antenna 1 with more than 5 setae and/or setal bundles; outer margin of palp article 2 of maxilla 1 without setae...8 
Posterodistal corner of peduncular article 2 of antenna 1 with robust seta (occasionally lacking); posterior margin of 
peduncular article 2 of antenna 1 with less than 4 setae and/or setal bundles; outer margin of palp article 2 of maxilla 

1 with setae.9 

Dorsal margins of pleonites 1-3 each with more than 4 setae. J. bousfieldi sp. n. 

Dorsal margins of pleonites 1-3 each with 0-3 setae. J. paucisetulosus Morino, 1984 

Accessory lobes of coxal gills on gnathopod 2 and pereopods 3-5 short and straight. J. uchiyamaryui sp. n. 

Accessory lobes of coxal gills on gnathopod 2 and pereopods 3-5 long and curved.10 

Dorsal margins of pleonites 1-3 each with 2 or 3 setae; posterior margin of peduncular article 2 of antenna 1 with 3 or 

4 setae and/or setal bundls. J. ikiensis Tomikawa, 2015 

Dorsal margins of pleonites 1-3 each with more than 7 setae; posterior margin of peduncular article 2 of antenna 1 

with 2 setae and/or setal bundls.11 

Palmar margin of propodus of male gnathopod 2 without pectinate setae. J. jesoensis complex 

Palmar margin of propodus of male gnathopod 2 with pectinate setae. J. ilhoii Lee & Seo, 1992 

Dorsal margin of pleonite 3 with robust setae; posterior margin of peduncular article 4 and 5 with more than 5 long-se- 

tal bundles. J. naritai Morino, 1985 

Dorsal margin of pleonite 3 without robust setae; posterior margin of peduncular article 4 and 5 with less than 3 

short-setal bundles.13 

Posterodistal corner of bases of pereopods 5-7 with long setae. J. annanda/e/(Tattersal, 1922) 

Posterodistal corner of bases of pereopods 5-7 without long setae.14 

Dorsal margins of pleonites 1-3 each with 2-4 setae. J. fluvialis Morino, 1985 

Dorsal margins of pleonites 1-3 each with more than 10 setae.15 

Posterodistal corner of peduncular article 1 of antenna 1 with robust seta; palmar margin of propodus of female gna¬ 
thopod 2 with simple setae only. J. koreanus Lee & Seo, 1990 

Posterodistal corner of peduncular article 1 of antenna 1 without robust seta; palmar margin of propodus of female 
gnathopod 2 with weakly pectinate setae. J. debilis Hou & Li, 2005 
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Abstract 

A detailed phylogenetic analysis of the taxon Paralaophontodes Lang (Copepoda, Har¬ 
pacticoida, Laophontodinae Lang) based on morphological characters is presented. The 
monophylum Paralaophontodes is supported by 16 unambiguous autapomorphies such 
as the presence of characteristic dorsal processes on cephalothorax and body somites, 
a 5-segmented male antennule, the loss of the syncoxal seta on the maxilliped, and the 
endopodal strengthening of the first swimming leg. The corresponding extensive phy¬ 
logenetic evaluation includes the description of Paralaophontodes anjae sp. n. from a 
beach on Chiloe Island (Chile), the re-description of Laophontodes armatus Lang, and 
the re-establishment of Paralaophontodes robustus (Bozic), the displacement of Laop¬ 
hontodes armatus, L. hedgpethi Lang and L. psammophilus Soyer to Paralaophontodes, 
a discussion on relationships within that taxon, remarks on its geographical distribution, 
and a key to the species. 


Introduction 

Lang (1936) erroneously synonymized Laophonte ech- 
inata Willey, 1930 (Laophontidae T. Scott, 1905) with 
Laophontodes armatus Lang, 1936 (Laophontodinae 
Lang, 1944 in the paraphylum Ancorabolidae Sars, 
1909), owing to peculiar shared derived features such 
as two lateral extensions and moderately long hairy el¬ 
ements mid-dorsally on the cephalothorax, and a par¬ 
ticular dorsal armature of the body somites (Lang 1936). 
Obvious differences between L. echinata and L. armatus 
were according to Lang (1936) due to misinterpretations 
by Willey (1930). Particularly noticeable differences in¬ 
clude: the PI exp being 2-segmented in L. echinata and 
3-segmented in L. armatus, and; the PI enp-2 carrying 
1 terminal claw in L. echinata, but a terminal claw and 
an additional long seta in L. armatus. Twenty-nine years 
later Lang (1965) himself recognized his error and estab¬ 
lished the taxon Paralaophontodes Lang, 1965 within 


Laophontodinae, relocating L. echinata into the new ge¬ 
nus as Paralaophontodes echinatus (Willey, 1930) while 
retaining Z. armatus v/ithin Laophontodes T. Scott, 1894. 

Lang (1965) transferred Laophontodes robustus Bozic, 
1964 from the Island La Reunion, Indian Ocean, to his 
newly created genus Paralaophontodes. However, Lang 
(1965) doubted the distinct specific status of P. robustus, 
pointing to its strong similarity with P. echinatus. Wells 
and Rao (1987) formally synonymized P. robustus with P. 
echinatus. At present the taxon Paralaophontodes contains 
three species, namely P. echinatus, P. elegans Baldari and 
Cottarelli, 1986, andP. exopoditusMidkQ, 1981. 

When describing Laophontodes hedgpethi Lang, 1965, 
Lang (1965) noted a strong similarity of that species with 
L. armatus and Paralaophontodes echinatus. However, 
he did not carry out the consequent step by unifying all 
corresponding species, which remain therefore in the 
laophontodin genera Laophontodes and Paralaophon¬ 
todes, respectively. The objective of this contribution is 
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to update the systematics of Paralaophontodes by the 
inclusion of all respective species hitherto assigned to 
Laophontodes. To support this synonymisation, a detailed 
phylogenetic analysis based on all available morpholog¬ 
ical characters is presented. In that context, a re-descrip¬ 
tion of Laophontodes armatus is given, along with the de¬ 
scription of a nQSN Paralaophontodes species, P. anjae sp. 
n., from Chiloe Island (Chile). Moreover, P. robustus is 
re-established, new records of known Paralaophontodes 
species are documented, and a key to the known species 
of Paralaophontodes is provided. 

Material and methods 

Paralaophontodes anjae sp. n.: one single female was 
collected by the author on 27.03.1994 in Puente Quilo 
(Gulf of Quetalmahue), Chiloe Island, Chile. The mate¬ 
rial was sampled at low tide at station #Q4 directly at 
the waterline (Fig. 1). The substrate consists of medi¬ 
um-sized sand, the measured temperature was 12°C, and 
the salinity was 32.3. Material was immediately fixed 
with 4% non-buffered formalin and later on sorted under 
a binocular in the laboratories of the Institute de Biologia 
Marina “Dr Jurgen Winter” at the Universidad Austral de 
Chile, Valdivia, Chile. 

Additional Paralaophontodes material 

Paralaophontodes echinatus (Willey, 1930): two females 
and one male were collected by Mr Johannes Diirbaum 
(Jiilich, Germany) from an intertidal mangrove-mudfiat 
at Bering Point village, south-east of Andros Island, Ba¬ 
hamas, in July 1993 (cf Seifried and Diirbaum 2000) 
and kindly put to the author’s disposal. The material is 
kept in the collection of Senckenberg Forschungsinstitut 
und Naturmuseum Frankfurt, Germany, coll. nos. SMF 
37104/1, SMF 37105/1, and SMF 37106/1. One male and 
one Cl copepodid was sampled by the author on June 29*, 
2008 at the port of Golfito (Pacific coast of Costa Rica). 
The material is kept in the collection of Senckenberg For¬ 
schungsinstitut und Naturmuseum Frankfurt, Germany, 
coll. nos. SMF 37107/1 (male), SMF 37108/1 (Cl). 

Paralaophontodes exopoditus Mielke, 1981: one female 
collected by Dr Gritta Veit-Kohler (Wilhelmshaven, Ger¬ 
many) at the coastline of Dahab (28°29.0’N, 34°30.0’E, 
Gulf of Akaba, Egypt) in summer 1995. The specimen was 
kindly put to the author’s disposal and is kept in the collec¬ 
tion of Senckenberg Forschungsinstitut und Naturmuseum 
Frankfurt, Germany, coll. no. SMF 37109/1. One male 
collected by Prof Dr Horst Kurt Schminke (Oldenburg, 
Germany) at station PNG M4, Ednago Island, near Kavi- 
eng (2°35’S, 150°5’E, New Ireland, Papua New Guinea, 
cf Seifried 2003), on 11.11.1984, and kindly provided to 
the author. The individual is kept in in the collection of 
Senckenberg Forschungsinstitut und Naturmuseum Frank¬ 
furt, Germany, coll. no. SMF 37110/1. 

Laophontodes armatus Eang, 1936: The type material 
(coll. no. Type SMNH 2158) was kindly put to the author’s 


disposal by Mrs Karin S indemark Kronestedt, Swedish Mu¬ 
seum of Natural History, Department of Invertebrate Zool¬ 
ogy, Stockholm, Sweden. It consists of eight individuals: 
six females and two males are complete and of moderate 
condition but covered with compact detritus. Moreover, 
four fragments are included: SMNH 2158(a): one female 
cephalothorax and thorax (until swimming leg P3); SMNH 
2158(b): one female thorax (P2-P4); SMNH 2158(c): two 
female urosomes. As neither a holotype nor any paratypes 
have been designated, the above named specimens are 
henceforth declared as syntypes. Additional material was 
collected in the Magellan Straits, Chile; one female (coll, 
no. SMF 37111/1) was sampled by the author on 27.05.1996 
from Bahia Catalina in the north of Punta Arenas (Chile) 
(53°7.008’S, 70°52.323’W, Om depth), and one female and 
one male (coll. nos. SMF 37112/1 and SMF 37113/1-7, 
respectively) were kindly provided by Dr Matthias Gomy 
(Santiago de Chile, Chile) from sampling at Punta Yar- 
tou. Canal Whiteside, Tierra del Fuego (53°53.723’S, 
70°09.132’W, 15m depth) on 15.02.2003. The Patagonian 
specimens are kept in the collection of Senckenberg For¬ 
schungsinstitut und Naturmuseum Frankfurt, Germany. 

Species identification and drawings were made with 
the use of a camera lucida on a Eeica DMR compound 
microscope equipped with differential interference con¬ 
trast. General terminology follows Eang (1948) and Huys 
and Boxshall (1991). Terminology referring to phyloge¬ 
netic aspects follows Ax (1984); the terms “telson” and 
“furca” are adopted from Schminke (1976). 

Abbreviations used in the text: A1 = antennule, A2 = 
antenna, aes = aesthetasc, benp = baseoendopod, cphth = 
cephalothorax, DP I-DP IX = dorsal processes I-IX, enp 
= endopod, enp-l-enp-3 = endopodal segments 1-3, exp 
= exopod, exp-l-exp-3 = exopodal segments 1-3, FR = 
furcal rami, GF = genital field, P1-P6 = swimming legs 
1-6, R = rostrum, T = telson. 

Results 

Phylum Arthropoda 
Subphylum Crustacea Briinnich, 1772 
Superclass Multicrustacea Regier et al., 2010 
Class Hexanauplia Oakley et al., 2013 
Subclass Copepoda Milne-Edwards, 1840 
Order Harpacticoida Sars, 1903 
Family “Ancorabolidae” Sars, 1909 
Subfamily Laophontodinae Lang, 1944 

Genus Paralaophontodes Lang, 1944 

Type species. P. echinatus (Willey, 1930). Additional spe¬ 
cies: P. anjae sp. n., P. armatus (Lang, 1936) comb, n., P. 

BaldariandCottarelli, 1986,P. exopoditusM\Q\kQ, 
1981, P. hedgpethi (Lang, 1965) comb, n., P. psammophi- 
lus (Soyer, 1974) comb, n., P. robustus (Bozic, 1964). 

Amended generic diagnosis. Laophontodinae. Body 
slender and cylindrical. Cphth with triangular extensions 
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medio- and postero-laterally (not clearly pronounced in P. 
elegans). Cphth with dorso-median ridge extended into 2 
posteriorly directed blunt, conical elevations and covered 
by tuft of hair-like setules in anterior half P2-P5-bearing 
thoracic somites dorsally with sclerotized processes bear¬ 
ing sens ilia at their tips. First to penultimate abdominal 
somites with pair of dorsal processes that are transversely 
connected, appearing H- or even A-shaped. Telson nar¬ 
rowest body somite, rectangular, with anal operculum 
dorsally. Furcal rami approximately 3-5 times longer 
than broad, with 7 setae; setae I and II close together, V 
longest seta. A1 4-segmented in female; 5-segmented and 
chirocer in male, with fourth segment strongly swollen 
and bearing a strong spine. A2 lacking exp, or if present 
small and knob-like, with 1 small, bare apical seta. Md 
palp unilobate, exp represented by 1 seta, enp represented 
by 3 setae. Mx with 2 elongate and slender endites bearing 

2- 3 apical setae. Mxp without syncoxal seta. PI exp 2- to 

3- segmented; PI enp-2 distinctly elongate, reaching at 
least half the length of enp-1, equipped with strong claw 
accompanied by 1 minute seta, an additional long genic¬ 
ulate seta may be present. P2-P4 with laterally elongate 


bases. Exopods 3-segmented (fused to 1 long segment in 
P2 and P3 in P. robustus); P2 lacking endopod, P3 with 
or without small knob-like endopod carrying 1 small bare 
seta, P4 with or without 2-segmented endopod. P5 with 
outer seta arising from long setophore; benp completely 
reduced; in female represented by 2 setae, in male rep¬ 
resented by 1 seta; with 1-3 long tube pores. Exp fused 
with baseoendopodal part, long and slender, laterally with 
2 setae; subapically with 1 inner and 1 outer seta; apically 
with 1 long seta; tube pores present or absent. Female P6 
small, located in front of gonopore, consisting of small 
segment separated from or fused with somite, with 0-2 
small setae. The taxon is justified as a monophylum due 
to 16 unambiguous autapomorphies (see Discussion). 


Paralaophontodes anjae sp. n. 

http://zoobank.org/1482E 119-BA97-4D1F-A516-D9417C6DDBA7 

Locus typicus. Puente Quilo, Canal de Quetalmahue, 
Chiloe Island, Chile, 41°51.67rS, 73°58.926’W, Om 
(Fig. 1). 



Figure 1. Map showing the locus typicus (black star) of Paralaophontodes anjae sp. n. in Puente Quilo, Gulf of Quetalmahue, 
Chiloe Island, Chile. 
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Material examined. Female holotype, distributed over 
10 slides, coll. no. 37103/1-10. 

Etymology. The specific epitheton '"anjae’' is given in 
fondly dedication to the author’s sister Mrs Anja George 
(Osorno, Chile); gender: feminine. 

Description of female. Habitus (Fig. 2A) slender, cylin¬ 
drical, slightly tapering backwardly, length from rostral 
tip to end of FR 746 pm. R (Figs 2A, 3A) fused to cphth, 
triangular in shape, rostral tip distinct, small, accompa¬ 
nied by pair of pinnate sensilla and paired hyaline pro¬ 
tuberances. Subapically on dorsal side with small tube 
pore. All body somites except telson dorsally with paired 
cuticular processes (labelled as DP [Dorsal Processes] I- 
IX). Cphth with medio- and postero-lateral extensions of 
moderate triangular shape. Dorsally with cuticular ridge 
bearing 3 pairs of sclerotized processes (joined to DP I in 
Fig. 2A), the first of which carrying pinnate sensilla, the 
latter accompanied by paired bare sensilla at their bases. 
Between the middle pair of processes tuft of hair-like set- 
ules. Thoracic body somites laterally extended. Abdom¬ 
inal processes (DP VII-IX) “H”-like, partly ornamented 
with small cuticular “teeth” (Fig. 2A, A’). Last thoracic 
and first abdominal somite fused to form genital double 
somite; original boundary still visible from dorsal side. 
Telson smallest body somite, almost square. Anal oper¬ 
culum with small spinules at its apical margin, accompa¬ 
nied by pair of sensilla. FR (Figs 2A, 3B) long and slen¬ 
der, approximately 7x longer than broad, with 7 setae: I 
and II standing close together, of almost same length; III 
subapically, slightly longer than I and II; IV basally fused 
with V; V longest seta, inserting apically; VI as long as 
I-II, arising apically at inner margin; VII subapically at 
dorsal side, tri-articulate. 

A1 (Fig. 3A) 4-segmented, all segments of approx¬ 
imately the same length. First segment apically with 1 
unipinnate seta; second segment with eight bare setae; 
on posterior margin produced into moderate “bump” that 
carries several long spinules; third segment with 7 bare 
setae, two of which arising from pedestal together with 
aes; fourth segment laterally with 3 bare setae, subapically 
with 5 bare setae, four of which bi-articulated at base (1 
seta broken in Fig. 3A); apically an aes plus 2 bare setae. 

Setal formula: 1/1; 2/8; 3/7+ aes; 4/10+ aes. 

A2 (Fig. 4A) with allobasis carrying a row of spinules 
and 1 small bare seta on abexopodal seta. Exp lost. Enp 
as long as allobasis, with 2 spines and tiny seta anteriorly; 
apically with row of spinules and with 2 spines, one of 
which unipinnate, and 3 geniculate setae, the outermost 
fused with 1 minute bare seta. 

Md (Fig. 4B, B’) with small gnathobase bearing 4 teeth 
and 1 bare seta (Fig. 3B’); md palp 1-segmented, with 5 
bare lateral setae and with 1 terminal bipinnate seta. 

Mxl (Fig. 4C) praecoxal arthrite armed with 5 strong 
spines and with 3 bare setae; additionally with 1 lateral and 
2 surface setae. Coxa without spinules, terminally with 2 
setae (one seta broken in Fig. 4C). Basis without spinules. 


terminally with 2 bare setae, and 2 juxtaposed subterminal 
bare setae; exp and enp each represented by 1 seta. 

Mx (Fig. 4D) with 2 slender endites, both carrying 
3 apical setae. Basis elongate, broken in Fig. 4D. Enp 
small, with 2 bare setae. 

Mxp (Fig. 4E) with unarmed syncoxa. Basis without 
ornamentation (but damaged apically), enp turned into 
long claw accompanied by small bare seta. 

PI (Fig. 5A, A’) with longitudinally elongated prae- 
coxa, coxa and basis; praecoxa as long as coxa. Basis 
with 1 outer and 1 inner bare seta, which has moved to¬ 
wards the anterior surface. Exp 2-segmented, exp-1 with 
1 unipinnate outer spine; exp-2 nearly twice as long as 
exp-1, laterally with 2, subapically with 1, and apically 
with 2 setae; all setae bare and geniculate. Enp 2-seg¬ 
mented, enp-1 massive, more than 3x longer than broad, 
without ornamentation; enp-2 half as long as enp-1, api¬ 
cally with strong claw, subapically on inner margin with 

1 minute bare seta. 

P2-P4 (Fig. 5B-D). Intercoxal sclerites strongly re¬ 
duced, triangular, not linking the counterparts. Bases 
transversely elongated, with 3-segmented exopods but 
lacking endopods. Bases with 1 outer seta and 1 tube 
pore on proximal margin. Exopods P2 and P3 as long as 
basis, exopod P4 slightly longer than basis; all exopodal 
segments except P4 exp-1 with outer spinules; exp-1 and 
exp-2 each with 1 outer bipinnate spine, exp-3 with 3 out¬ 
er bipinnate spines, apically with 1 spine (comparatively 
short in P4) and 1 small seta. Setal formula of P2-P4 is 
given in Table 1. 

P5 (Fig. 2B) with completely reduced benp, being rep¬ 
resented by 2 bipinnate setae, the longer of which reach¬ 
ing insertion site of inner exopodal seta; baseoendopodal 
setae accompanied by 2 tube pores. Outer basal seta aris¬ 
ing from long setophore, which is escorted by few long 
spinules and 1 long tube pore. Exp distinct, with 3 outer 
setae, 2 of which being bipinnate; subapically with inner 
bipinnate seta neighboured by tube pore; apically with 
bare seta reaching length of whole P5. 

GF/P6 (Fig. 2C) small, P6 fused to somite, consisting of 

2 small bipinnate setae arising from slightly protruded lobes. 

Male unknown. 


Genus Laophontodes T. Scott, 1894 

Type species. Laophontodes typicus T. Scott, 1894. 
Additional species: According to George and Gheerardyn 
(2015, p. 62, Table 1), Laophontodes currently encloses 
16 species plus 1 species incertae sedis. 


Table 1. Paralaophontodes anjae sp. n., setation of P2-P4. Ro¬ 
man numerals indicate outer spines. 



Exp-1 

Exp-2 

Exp-3 

Enp-1 

Enp-2 

P2 

1-0 

1-0 

lll-ll-O 

- 

- 

P3 

1-0 

1-0 

lll-ll-O 

- 

- 

P4 

1-0 

1-0 

lll-ll-O 

- 

- 
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Figure 2. Paralaophontodes anjae sp. n., female. (A) habitus, dorsal view; (A’) dorsal process IX; (B) P5; (C) genital field. Scale 
bars: (A) 100pm; (A’, B, C) 50pm. 
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Figure 3. Paralaophontodes anjae sp. n., female. (A) A1 and rostrum, arrow showing insertion of aes and accompanying setae of 
counterpart; (B) telson and FR, ventral view, Roman numerals indicating furcal setae. Scale bar; 50pm. 
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B-D 


A, E 




Figure 4. Paralaophontodes anjae sp. n., female. (A) A2; (B) md; (B’) mandibular palp of counterpart; (C) mxl; (D) mx, proximal 
endite separated (arrow); (E) mxp. Scale bars: (A, E) SOpm; (B, B’-D) 20pm. 
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Figure 5. Paralaophontodes anjae sp. n., female. (A) PI, claw broken; (A’) PI enp-2 of counterpart; (B) P2 showing rudimental 
intercoxal sclerite; (C) P3; (D) P4. Scale bar: 50pm. 
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Laophontodes armatus Lang, 1936 

Note. The re-description is based on one female (habitus) 
and the fragments of the type series, in order to destroy as 
few complete individuals as possible, and because of the 
compact detritus coverage on most complete specimens. 
Types SMNH 2158(a) (female) and SMNH 2158(b) (fe¬ 
male) were dissected and distributed over 7 and 4 slides, 
respectively. Both urosomes of Type SMNH 2158(c) (fe¬ 
males) were put on 1 slide, 1 urosome in ventral view, the 
other one in dorsal view. 

In addition, the female and the male of the Magellan 
material were included to complete the re-description 
(additional female habitus, male habitus, mouthparts, 
sexual dimorphic parts of male). 

Re-description of female. Habitus (Figs 6A, 7A) cylin¬ 
drical and slender, tapering, no clear distinction between 
pro- and urosoma. Body length (from rostral tip to end of 
FR) about 770|im (Fig. 6A) (Magellan female (Fig. 7A) 
about 730|im). Cphth laterally running out into two trian¬ 
gular processes, each carrying a sensillum at its tip. Cphth 
dorsally with several sensilla and with sclerotized ridge 
that is densely covered with fine hair-like elements and 
splits into 2 backwardly directed processes posteriorly. 
R protruding, fused to cphth, triangular, subapically with 
pair of sensilla. All body somites except telson dorsal¬ 
ly with paired cuticular processes (labelled as DP [Dor¬ 
sal Processes] I-IX in Figs 6 and 7). DP VII and/or DP 
VIII-IX basally with long tube-pores and small cuticular 
projections. DP I-VIII with sensilla at their tips. Compar¬ 
ison of different females revealed a variability regarding 
shape, ornamentation, size and number of those projec¬ 
tions (Figs 6A-C, 7B, B’), as well as with respect to the 
number of apical sensilla (Fig. 7B). Posterior margins of 
body somites generally naked but P2-P6-bearing somites 
apically with sensilla. Telson square, slightly broader 
than long; dorsally with anal operculum apically with fine 
spinules. FR (Figs 6A, 7A, C, 8D) approximately 3.5x 
longer than broad, equipped with seven setae: I and II of 
almost same length, standing close together subapically 
on the outer margin; III, IV, V, and VI arising apically, 
II and VI of same length, V being the longest seta; VII 
tri-articulate, arising subapically on dorsal side. 

A1 (Fig. 8A) 4-segmented, aes on third segment. First 
to third segments of almost same length; first segment 
with 1 bipinnate seta, remaining antennular setae naked; 
second segment with long spinules on bump along outer 
margin, 2 of its setae arising from projection surrounded 
by small spinules at its base; third segment slightly pro¬ 
truded apically, with 2 setae accompanying aes; fourth 
segment carrying a second, small aes. Setal formula: 1/1; 
2/7; 3/6 + aes; 4/10 + aes. 

A2 (Fig. 8B) with allobasis carrying 1 abexopodal seta 
on distal third. Exp absent. Enp with subapical row of 
spinules, and with 2 unipinnate and 1 bare seta distally on 
inner margin; apically with 6 setae, three of which genic¬ 
ulate, outermost seta very small. 


Md, mxl, and mx described from male. 

Mxp (Fig. 8C) with syncoxa lacking a terminal seta, 
but with rounded row of spinules; basis with 2 rows of 
spinules; enp turned into claw as long as basis and ac¬ 
companied by small seta. 

PI (Fig. 9A) with longitudinally prolonged coxa and 
basis, the latter carrying 1 outer bipinnate and 1 inner 
bare seta, the latter being displaced on anterior surface. 
Exp 3-segmented, slightly surpassing half of length of 
enp-1. Exp-1 with 1 outer bipinnate spine; exp-2 with 1 
outer bare geniculate seta; exp-3 smallest, bearing 4 bare 
geniculate setae. 

P2-P4 (Figs lOA-C, 12A-C, E) intercoxal sclerites 
(Fig. 12F, G) very slender, bow-like; bases transversely 
elongate bearing 1 tube pore anteriorly, and with 1 out¬ 
er seta. Exps 3-segmented, exp-1 and exp-2 with 1 outer 
bipinnate spine; exp-3 with 3 outer bipinnate spines; api¬ 
cally with 1 spine and 1 plumose seta; P3 exp-3 addition¬ 
ally with 1 tube pore apically. P2 without enp (Figs 9A, 
12A-C, E), former insertion still detectable (triangular 
arrows in Figs 9A, 12A-C, E); P3 and P4 carrying 2-eg- 
mented enps, enp-1 very small, without armature, enp-2 
with few spinules and carrying 2 apical setae, the inner 
one of which being shorter than the outer one. Setal for¬ 
mula of P2-P4 is given in Table 2. 

P5 (Fig. 9B) with outer seta arising from long spinu- 
lose setophore; benp completely reduced, represented 
by 2 setae, one of which of fishbone pattern, the other 
seta bare. Additionally with 3 tube pores. Exp fused with 
baseoendopodal part, long and slender, laterally with 2 
bare setae; subapically with 2 bipinnate setae and 1 tube 
pore; apically with 1 long bipinnate seta. 

P6/GF (Fig. 8E). P6 small, forming bilobate sclero¬ 
tized structure in front of gonopore, each leg carrying 1 
small bipinnate seta. 

Redescription of male. The male differs from the female 
in the following features: body size, shape of Al, shape 
of P3 and P4 endopods, ornamentation of P5, complete 
loss of P6. 

Habitus (Fig. 1C) slender, slightly smaller than female 
with a body length of about 560|im. Ornamentation of 
cphth and body somites very similar to that in female, 
with slight variation regarding DP I-DPIX. 

Al (Fig. 1 lA) 5-segmented, chirocer, aes at fourth and 
fifth segment. First segment apically with 1 bipinnate seta 
at anterior margin, accompanied by several long spinules; 
second segment as long as first, with 7 bare setae; third 


Table 2. Laophontodes armatus Lang, 1936, setation of P2-P4. 
Roman numerals indicate outer spines. 



Exp-1 

Exp-2 

Exp-3 

Enp-1 

Enp-2 

Enp-3 

P2 

1-0 

1-0 

lll-ll-O 

- 

- 

- 

P3 

1-0 

1-0 

lll-ll-O 

0 

0-2-0 

- 

P3 

male 

1-0 

1-0 

lll-ll-O 

0 

apophysis 

0-2-0 

P4 

1-0 

1-0 

lll-ll-O 

0 

0-2-0 

- 
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Figure 6. Paralaophontodes armatus (Lang, 1936) comb, n., female from the type series. (A) habitus, dorsal view, dorsal processes 
labelled DP I-DP IX; (B) urosome of second female; (C) dorsal processes DP V-DP IX, detail, of third female. Arrow points to 
cuticular overlap of sensillum-bearing tip. Scale bars; (A, B) 100pm; (C) 50pm. 
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Figure 7. Parolaophontodes armatus (Lang, 1936) comb, n., (A) female from the Magellan material (Punta Arenas), habitus dorsal; 
(B, B ) dorsal Processes DP VIII and DP IX of A.; (C) male from the Magellan Material (Punta Yartou), habitus dorsal. Scale bars; 
(A, C) lOOgm; (B, B’) 50gm. 
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Figure 8. Paralaophontodes armatus (Lang, 1936) comb, n., female from the type series. (A) Al; (B) A2; (C) mxp; (D) FR, dorsal 
view; (E) genital field. Scale bar: 50pm. 
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Figure 9. Paralaophontodes armatus (Lang, 1936) comb, n., (A, B) female from the type series; (A) PI; (B) P5; (C) male from the 
Magellan material (Punta Yartou), P5. Scale bar: SOpm. 
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Figure 10. Paralaophontodes armatus (Lang, 1936) comb, n., (A-C) female from the type series; (A) P2, triangular arrow indicates 
insertion of the ancestral endopod; (B) P3; (C) P4 endopod; (D, E) male from the Magellan material (Punta Yartou); (D) P3 endo- 
pod; (D’) P3 apophysis of counterpart; (E) P4 endopod. Scale bar; 50pm. 
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Figure 11. Paralaophontodes armatus (Lang, 1936) comb, n., male from the Magellan material (Punta Yartou); (A) Al, setation of 
segments 3-5 shown separately; (B) md; (C) mxl; (D) mx. Scale bars: (A) SOpm; (B-D) ZOpm. 
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Figure 12. Paralaophontodes armatus (Lang, 1936) comb, n., (A-C) P2 (bases) of different females of the type series; (D) P2 of 
male from the Magellan material (Punta Yartou); (E) P2 of female from the Magellan material (Punta Arenas); triangular arrows 
pointing to insertion of the ancestral endopod; (F) intercoxal sclerite of A; (G) intercoxal sclerite of C. Scale bar: 50pm. 
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segment small, with 7 bare setae; fourth segment swol¬ 
len, almost circular in shape, with 6 bare setae, and with 
strong, tooth-like spine at anterior margin; in addition with 
pedestal carrying at least 1 bare seta and aes (broken in 
Fig. 11 A); fifth segment as small as third, tapering distally 
and bearing 8 bare setae, two of which arising subapically 
together with small aes forming a trithek. Setal formula: 
1/1; 2/7; 3/7; 4/7(-8-9?) + aes; 5/8 + aes. 

Md (Fig. IIB) gnathobase broken in Fig. lOB, only 

1 massive tooth and basal part of seta discernible; palp 
1-segmented, equipped with 6 setae, two of which bi- 
plumose, the others bare; lateral seta (broken in Fig. 1 IB) 
arising from small protrusion. 

Mxl (Fig. IIC) praecoxal arthrite bearing 6 apical 
spines and 1 bare seta; additionally with 2 bare surfaces 
setae and 2 rows of spinules laterally; coxa with 2 bare se¬ 
tae apically; basis carrying 4 setae (2 broken in Fig. 11C). 

Mx (Fig. IID) syncoxa with 3 rows of spinules and 
with 2 slender endites, carrying each 1 uniplumose and 

2 bare apical setae. Basis elongate, produced into strong 
claw accompanied by 1 bare seta anteriorly and posterior¬ 
ly at its base. Enp small, with 2 bare setae. 

P3 (Fig. lOD) exopod resembling that of female. En- 
dopod 3-segmented, first segment very small and un¬ 
armed; enp-2 long and slender, with row of long spinules 
at inner margin, and apically produced into outwardly 
curved apophysis; enp-3 not reaching length of apophy¬ 
sis, bearing 2 apical biplumose setae, the innermost half 
as long as the outer one. 

P4 (Fig. lOE) exopod resembling that of female. Endo- 
pod 2-segmented, first segment very small and unarmed; 
enp-2 slender, not reaching length of exp-1, with row of 
long spinules at inner margin. At distal half with 1 bare 
inner seta, additionally with 2 biplumose apical setae. 

P5 (Fig. 9C) with outer seta arising from long spinu- 
lose setophore; benp completely reduced and being rep¬ 
resented by 1 seta of fishbone pattern. Additionally with 2 
tube pores. Exp fused with baseoendopodal part, long and 
slender, laterally with 1 bare seta; subapically with 1 bare 
seta and 1 tube pore; apically with 2 setae, the innermost 
fishbone-like, the outermost biplumose. 

Remarks. Laophontodes armatus causes remarkable con¬ 
fusion. Comparison of Eang’s (1936) original description 
(material from the Falklands) with that of Pallares (1968a) 
(material from Argentina) reveals some considerable dif¬ 
ferences; for instance, in the dorsal body processes (DP) of 
the Argentinian specimens (Pallares 1968a) the DP I seems 
to consist of 2 separated pairs of processes, an anterior pair 
antrorse and a posterior pair backward (Pallares 1968a, Fig. 
XXXIII/1). In contrast, the DP I in Eang’s (1936, 1965) 
Falkland descriptions corresponds to that documented in 
the present contribution (Figs 6A, 7A, C), showing 1 pair 
of backwardly-directed processes and a median antrorse 
sclerotized ridge carrying hair-like setules which splits into 
2 sclerotized clips. Furthermore, in the Argentinian speci¬ 
mens the dorsal processes of the remaining body somites 
are very small and set widely apart, while in the Falklands’ 


specimens they have the characteristic, typical shape. A 
third discrepancy is found in the female P5: the endopod 
bears 1 seta according to Pallares (1968a) but 2 setae ac¬ 
cording to Eang (1936). Two setae are also recorded here in 
the re-description (Fig. 9B). Unfortunately, due to the un¬ 
availability of the Argentinian material it has not been pos¬ 
sible to re-examinate it and confirm these discrepancies. 
However, the Chilean material is almost identical to that of 
the Falklands (Fig. 7), therefore supporting the assumption 
that the Chilean and the Falklands’ material represent the 
same species. The examination of new records of L. arma¬ 
tus from Argentina is pending. 

A further discrepancy concerns the descriptions of both 
Eang (1936) and Pallares (1968a) when compared to the 
present re-description of L. armatus. Both Eang (1936) 
and Pallares (1968a) described the endopod of the sec¬ 
ond swimming leg bearing 2 segments with 2 apical se¬ 
tae. However, in the present re-description of L. armatus, 
the author noted that the P2 lacks an endopod (Figs lOA, 
12A-E). This re-description is based on Eang’s own Falk¬ 
land material and four different females were examined 
revealing a consistent lack of a P2 enp (Figs lOA, 12A-C). 

The remaining swimming legs, P3 and P4, of the Falk¬ 
land females do present endopods. Both the single male 
and the female specimens from the new Chilean materi¬ 
al also lack a P2 endopod (Fig. 12D, E). Thus, although 
damage only to the P2 might be plausible for one speci¬ 
men, it is less so for all individuals, suggesting that Eang 
(1936) erred, probably by confusing another swimming 
leg for the P2. The loss of a P2 endopod in L. armatus 
presents a derived state. Regarding the description of the 
P2 provided by Pallares (1968a), the apparent presence 
of a P2 endopod in the Argentinian specimens might rep¬ 
resent another discrepancy between the two original re¬ 
cords, but this needs to be confirmed with new material. 

Discussion 

Phylogenetic analysis 

The taxon Paralaophontodes reconsidered 

Paralaophontodes was assigned to Eaophontodinae by 
Eang (1965), which has never been questioned in the past 
decades. Nevertheless, the systematic status of Eaophon¬ 
todinae remains unclear, as that taxon is mainly charac¬ 
terized by plesiomorphic character states when compared 
with its putative sister group Ancorabolinae Sars, 1911 
(e.g. Conroy-Dalton 2004, George 2006, Gheerardyn and 
George 2010, Gheerardyn and Eee 2012). Yet, Gheerar¬ 
dyn and George (2010) detected three derived features, 
namely (i) a spinulose outer “bump” on the second anten- 
nular segment, (ii) the lengthways elongation of the PI 
coxa, and (iii) the transformation of the PI exp-2 outer 
element from a bipinnate spine into a bare, geniculate seta 
(cf George and Muller 2013). These features may con¬ 
stitute autapomorphies of Eaophontodinae, condition that 
still has to be verified in detail for all laophontodin repre- 
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sentatives. However, the taxon Paralaophontodes fits all 
named derived features. Thus, its allocation to Laophon- 
todinae persists undoubted; future studies may elucidate 
the systematic status of and within Laophontodinae. 

When erecting Paralaophontodes, Lang (1965) already 
noted a strong similarity of the then assigned species P. 
echinatus and P. robustus with Laophontodes armatus 
and L. hedgpethi, based mainly on the “armature of the 
body” (Lang 1965, p. 538). He chose not to place all four 
species in one genus because L. armatus and L. hedgpethi 
retain a 3-segmented PI exp, a long apical seta in addition 
to the apical claw on the PI enp-2 and endopods on the 
swimming legs P2-P4 (but see remarks on the re-descrip¬ 
tion of L. armatus above), whilst P. echinatus and P. ro¬ 
bustus present a 2-segmented PI exp, no apical long seta 
on PI enp-2, and at least the swimming legs P2 and P4 
lack an endopod. Mielke (1981) first recognized that all 
these characters were synapomorphic for the then known 
Paralaophontodes species {P. echinatus, P. exopoditus, 
and P. robustus). Five years later, the status of Paralaop¬ 
hontodes was again addressed, independently by Baldari 
and Cottarelli (1986) and Fiers (1986). Baldari and Cot- 
tarelli (1986) described P. elegans from a Philippine is¬ 
land and provided a then updated generic diagnosis (but 
excluding Fiers’ (1986) work). Fiers (1986) provided an 
excellent re-description of P. echinatus (as P. echinata) 
and made a brief comparison of Paralaophontodes with 
other laophontodin species, stating that within the genus 
Laophontodes an ''armatus-gxo\x^"" enclosing Laophon¬ 
todes armatus, L. hedgpethi and L. psammophilus might 
be the sister-group of Paralaophontodes. Although this 
pointed to paraphyletic states for both genera, Fiers (1986) 
did not present any further phylogenetic argument, so a 
sound hypothesis could not be made. Later, Fiers (1988) 
re-stated his assumption of a sister-group relationship be¬ 
tween [part.] dind Paralaophontodes, but he 

again did not provide enough detail. It was George (1993) 
who first suggested a monophylum Paralaophontodes to 
include not only the then valid species P. echinatus, P. 
elegans, P. exopoditus, and P. robustus [George (1993) 
overlooked that Wells and Rao (1987) had synonymized 
P. robustus with P. echinatus^ but also Laophontodes ar¬ 
matus, L. hedgpethi and L. psammophilus Soyer, 1974. 
The species described here is the first new species since 
the work by Baldari and Cottarelli (1986) and Fiers (1986). 

Based on the summary given above, it is concluded that 
a monophylum Paralaophontodes is, according to Mielke 
(1981), phylogenetically justified by the following autapo- 
morphies [plesiomorphic states in square brackets]: 

A. PI exp 2-segmented [PI exp 3-segmented]; 

B. P2 lacking endopod [P2 with at least 1-segmented 

endopd]; 

C. P4 lacking endopod [P4 with at least 1-segmented 

endopod]. 

All known Paralaophontodes species share these apo- 
morphies, whilst they are missing from the Laophontodes 


species treated here (Fiers’ [1986] "'armatus-gxo\x^''-, but 
see the remarks in the description of L. armatus). Nev¬ 
ertheless, apomorphies A-C are to some extent weak, 
being widely scattered not only in Laophontodinae but 
also in most Ancorabolinae, its supposed sister-group, 
and other harpacticoid taxa. More precisely, a 2-segment¬ 
ed PI exopod (apomorphy A) resembling that of Para¬ 
laophontodes in shape and ornamentation is also present 
in Ancorabolina George, 2006, and in all genera of the 
Ancorabolus-XiwQdigQ sensu Conroy-Dalton and Huys, 
2000. In fact, most other members of Ancorabolinae also 
show this kind of PI exopod: Arthuricornua Conroy-Dal¬ 
ton, 2001, Ceratonotus Sars, 1909, Dendropsyllus Con¬ 
roy-Dalton, 2Q03>,DorsiceratusT>X7yc\msk\, 1967 [part.], 
Polyascophorus George, 1998, Pseudechinopsyllus 
George, 2006, and Touphapleura Conroy-Dalton, 2001. 
Yet, each of these taxa present numerous autapomorphies 
(cf George 1998, Conroy-Dalton and Huys 2000, Con¬ 
roy-Dalton 2001, 2003a, George 2006a, b, c, Gheerardyn 
and George 2010, Gheerardyn and Lee 2012, George and 
Muller 2013, George and Gheerardyn 2015) absent from 
Paralaophontodes, so it is likely they are not closely re¬ 
lated. It must be supposed that the reduction (in a phylo¬ 
genetic, not an ontogenetic, sense) of a 3-segmented to a 
2-segmented PI exopod has convergently occurred more 
than once. This is also noted for apomorphy B: apart 
from many laophontodin taxa (Algensiella Cottarelli and 
Baldari, 1987, Laophontodes multispinatus Kornev and 
Chertoprud, 2008, Lobopleura ambiducti Conroy-Dal¬ 
ton, 2004, Probosciphontodes Fiers, 1988, Taphola- 
ophontodes Soyer, 1974) (Pallares 1968b, Soyer 1974, 
Cottarelli and Baldari 1987, Fiers 1988, Conroy-Dalton 
2004, Kornev and Chertoprud 2008), the P2 endopod 
is also absent in several ancorabolin taxa {Arthuricor¬ 
nua anendopodia Conroy-Dalton, 2001, Ceratonotus 
steiningeri George, 2006, Dendropsyllus, Echinopsyllus 
Sars, 1909, Polyascophorus martinezi (George, 1998), 
P. monoceratus George, Wandeness and Santos, 2013, 
Pseudechinopsyllus) (Conroy-Dalton 2001, 2003a, b, 
George 1998, 2006a, b, George et al. 2013). Even apo¬ 
morphy C is also present in other laophontodin species 
(e.g. Patagoniaella Pallares, 1968, Probosciphontodes, 
Tapholaophontodes). Thus, none of the autapomorphies 
so far assigned to Paralaophontodes are unambiguous, 
particularly because a reduction of segments or elements 
is quite common in Copepoda (Huys and Boxshall 1991), 
explaining its heterogeneous distribution across the co- 
pepod taxa. 

To evaluate phylogenetic relationships, synapomor- 
phies, i.e. unique derived characters of the treated taxa 
must be recognized (Hennig 1982, Ax 1984, Sudhaus 
and Rehfeld 1992, Wagele 2001). In the case of Para¬ 
laophontodes, it seems somewhat peculiar that for many 
years the rather crude apomorphies A-C above have been 
used to justify a monophylum Paralaophontodes whilst 
complex and unique features such as the two transverse 
triangular elongations on cphth, the tuft of “hairy” set- 
ules dorsally on cphth, and the characteristic dorsal or- 
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namentation of the body somites have been neglected. 
Even authors who noted the strong similarity between 
Paralaophontodes and corresponding Laophontodes spe¬ 
cies (e.g. Lang 1965, Piers 1986, 1988) did not recognize 
or consider them to be of phylogenetic relevance. Here 
a justification for a monophylum Paralaophontodes is 
presented based on a combination of unambiguous auta- 
pomorphies, demonstrating that Laophontodes armatus, 
L. hedgpethi and L. psammophilus must be displaced into 
Paralaophontodes. 

All species treated in the present contribution 
(Fig. 13) share 16 distinct and exclusive apomorphies 
(Table 3), which are therefore supposed to have evolved 
in a common ancestor. For outgroup comparison, re¬ 
maining Laophontodinae was chosen (Table 3, “outgr.”) 
and, where being appropriate, even taxa of the further 
phylogenetic surroundings (Ancorabolinae, Cletodidae 
[part.]) were included. 

Character 1 - Rostral tip distinct, knob-like: Compared 
with other Laophontodinae, those species considered here 
exhibit a protruded rostrum as do Lobopleura and Pro- 
bosciphontodes, and also several Ancorabolinae (e.g. An- 
corabolina, Ancorabolus, Dorsiceratus, Echinopsyllus, 
Pseudechinopsyllus). Moreover, many other harpacticoid 
taxa show a (more or less) strongly protruded rostrum (c.f 
Lang 1948, Boxshall and Halsey 2004). This suggests a 
convergent rostral elongation/diminution across the Har- 
pacticoida even where close phylogenetic relationships 
are lacking. However, Paralaophontodes and Laophon¬ 
todes armatus, L. hedgpethi and L. psammophilus carry a 
rostrum of a particular shape: it is triangular with a broad 
base (Fig. 13, but note Fig. 13F) and a distinct tip that is 
small and knob-like. This rostrum type is unique not only 
within Laophontodinae but also within Harpacticoida. It is 
assumed to have originated in a common ancestor and is 
therefore regarded as a shared apomorphy. 

Character 2 - Cphth with dorso-median ridge extend¬ 
ed into 2 posteriorly directed blunt conical elevations: 
The formation of dorsal sclerotized structures on cphth 
and body somites has been considered to be one of the 
characteristic features of the (paraphyletic, cf George 
and Muller 2013) family Ancorabolidae Sars, 1909, but 
similar cuticular processes are also recorded in other har¬ 
pacticoid taxa (e.g. Argestidae For, 1986 [part.], Cervini- 
inae Sars, 1903 [part.], Idyanthidae Lang, 1944 [part.], 
Laophontidae T. Scott, 1905 [part.]). However, Para¬ 
laophontodes and Laophontodes armatus, L. hedgpethi 
and L. psammophilus share a unique structure dorsally 
on the cphth. It consists of a strongly sclerotized ridge 
running medially along the cephalic longitudinal axis. Its 
posterior half splits into 2 backwardly directed branches 
that each terminate in a blunt, more or less conical pro¬ 
cess, carrying a sensillum apically. Although these ridg¬ 
es/processes vary in shape between species, their general 
appearance is identical, leading to the conclusion that 
they evolved in a common ancestor, and supporting the 
hypothesis of a common evolution. This character is con¬ 
sidered as autapomorphy of Paralaophontodes. 


Character 3 - Cephalic dorso-median ridge covered 
with tuft of hair-like setules in anterior half A tuft of hair- 
like setules covers the anterior part of the cephalic ridge. 
Lang (1965) noted a similar tuft of “hairy” setules in the 
genus Echinolaophonte Nicholls, 1941, but this without 
doubt belongs to Laophontidae. Thus it has evolved in¬ 
dependently in Echinolaophonte, while being considered 
here as synapomorphic for Paralaophontodes, Laophon¬ 
todes armatus, L. hedgpethi and L. psammophilus. Al¬ 
though Mielke (1981) did not mention this “hairy” tuft in 
Paralaophontodes exopoditus, examination of individuals 
from Ednago Island (Papua New Guinea) and from Dahab 
(Egypt, Red Sea) similarly reveals the presence of small 
and fine hair-like setules, resembling those described by 
Tiers (1986) for P. echinatus. Thus, this character can be 
interpreted as autapomorphic for Paralaophontodes. 

Characters 4-8 - P2-P6-bearing thoracic somites with 
dorsal pair of processes: The presence of dorsal (and of¬ 
ten also dorso-lateral and/or lateral) cuticular processes is 
considered characteristic for Ancorabolinae. In Laophon¬ 
todinae, however, only Paralaophontodes has dorsal sen- 
silla-bearing processes at the thoracic somites (Fig. 13), 
all other laophontodin taxa instead may or may not carry 
small socles (Fig. 14). The dorsal processes in Paralaop¬ 
hontodes are weakest in Laophontodes hedgpethi and in 
P. robustus, being most apparent in P. elegans and P. 
exopoditus. Nevertheless, the general development of 
dorsal processes on the thoracic somites is considered au¬ 
tapomorphic for Paralaophontodes. 

Characters 9-11 - First to penultimate abdominal so¬ 
mites with pair of A- or H-shaped processes dorsally: 
Similar to the circumstances regarding the thoracic so¬ 
mites, Paralaophontodes and Laophontodes armatus, L. 
hedgpethi and L. psammophilus are exceptions within 
Laophontodinae in carrying very characteristic processes 
on the three abdominal somites, but not the telson. The 
processes are paired, strongly sclerotized, and close to¬ 
gether at the dorsal posterior margin of each abdominal 
somite. These processes are (not always) connected by 
a transverse cuticular ridge (Fig. 13), forming an “H”- 
shape (“H-formige Chitinvorspriinge”, Mielke 1981, p. 
92); whilst in P. elegans they are additionally fused at 
their bases, the “H” therefore becoming a squarish “A” 
(Fig. 13F). Although the shape and ornamentation of 
these processes varies between species, and even between 
individuals of the same species (cf Figs 2 A, A’, 6, 7), the 
similarity of their general appearance suggests that they 
evolved in a common ancestor and therefore constitute 
autapomorphies of Paralaophontodes. 

Character 12 - Male antennule 5-segmented: Whereas 
in Ancorabolinae the subchirocer male antennule retains 
eight segments (Fig. 15A), it shows only seven segments 
in Laophontodinae (Fig. 15B) due to the loss of the orig¬ 
inal penultimate segment. This is therefore being consid¬ 
ered apomorphic. Within Laophontodinae, however, this 
state has been retained in Laophontodes only (Fig. 15B) 
with further successive segment fusions in other genera. 
In a first step, segments 6 and 7 are fused, leading to a chi- 
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Figure 13. Habitus views of the representatives of Paralaophontodes reviewed for the present contribution. (A) P. echinatus (Wil¬ 
ley, 1930); (B) P. armatus (Lang, 1936) comb, n.; (C) P. robustus (Bozic, 1964); (D) P. psammophilus (Soyer, 1975) comb, n.; 
(E) P. hedgpethi (Lang, 1965) comb, n.; (F) P. elegans Baldari and Cottarelli, 1986; (G) P. anjae sp. n.; (H) P. exopoditus Mielke, 
1981. (A, C-F, H) modified after different authors; (B, G) originals; no scales. 





Figure 14. Habitus views of (A, B) Laophontodes whitsoni T. Scott, 1912; (C) Lobopleura ambiducti Conroy-Dalton, 2004; 
(D) Probosciphontodes stellata Fiers, 1988. (A, B) from George and Gheerardyn (2015); (C) from Conroy-Dalton (2004); (D) from 
Fiers (1988); no scales. 
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Table 3. Character list used for the phylogenetic analysis of the monophylum Paralaophontodes. Apomorphies are marked with 1, 
plesiomorphies with 0, question mark means no data available. Abbreviations; Outgr. = remaining Laophontodinae, P. ro. = Para¬ 
laophontodes robustus, P. ec. =P. echinatus, P. el. =P. elegans, P. ex. = P. exopoditus, P. an. =P. anjae sp. n., P. ar. = P. armatus 
comb, n., P. ps. = P. psammophilus comb, n., P. he. = P. hedgpethi comb. n. 


No 

Character/species [plesiomorphic states in square brackets] 

Outgr. 

g 

CL 

P. ec. 

"S 

a: 

P. ex. 

P. an. 

P. ar. 

P. ps. 

P. he. 

1 

Rostral tip distinct [no distinct rostral tip] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

2 

Cphth with dorso-median ridge extend into 2 backwardly directed blunt conical processes 
[neither dorsal ridge nor processes developed] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

3 

Cphth dorso-median ridge with hairy tuft [no hairy tuft present] 

0 

? 

1 

1 

1 

1 

1 

1 

1 

4 

P2-bearing thoracic somite with dorsal pair of processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

5 

P3-bearing thoracic somite with dorsal pair of processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

6 

P4-bearing thoracic somite with dorsal pair of processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

7 

P5-bearing thoracic somite with dorsal pair of processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

8 

P6-bearing thoracic somite with dorsal pair of processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

9 

1st abdominal somite dorsally with pair of A- or H-like processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

10 

2nd abdominal somite dorsally with pair of A- or H-like processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

11 

3rd abdominal somite dorsally with pair of A- or H-like processes [no processes] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

12 

Male A1 5-segmented [at least 6-segmented] 

0 

? 

1 

? 

1 

? 

1 

? 

1 

13 

Male antennular swollen segment with strongly developed, tooth-like spine [no such spine 
present] 

0 

? 

1 

? 

1 

? 

1 

? 

1 

14 

Mxp without syncoxal seta [syncoxa retaining 1 apical seta] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

15 

PI enp strongly strengthened, transformed into mighty appendage [PI slender, gracile] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

16 

PI enp-2 distinctly elongated, reaching at least half the length of enp-1 [PI enp small] 

0 

1 

1 

1 

1 

1 

1 

1 

1 

17 

P2 exp-2 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

1 

0 

18 

P3 exp-2 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

1 

0 

19 

P4 exp-2 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

1 

0 

20 

P2 exp-3 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

1 

0 

21 

Abdominal dorsal processes with long and flexible setules [no such setules present] 

0 

0 

0 

0 

0 

0 

0 

0 

1 

22 

P2 enp completely lost [enp 2-segmented] 

0 

1 

1 

1 

1 

1 

1 

0 

0 

23 

P3 exp-3 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

0 

0 

24 

P4 exp-3 without inner seta [inner seta present] 

0 

1 

1 

1 

1 

1 

1 

0 

0 

25 

PI basis laterally extended = base for exp [no lateral extension of PI basis] 

0 

0 

0 

0 

0 

0 

0 

1 

0 

26 

PI enp-2 geniculated apical seta lost [apical geniculated seta present] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

27 

PI exp 2-segmented [PI exp 3-segmented] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

28 

P2 exp-3 inner apical seta minute [seta long, flexible] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

29 

P3 exp-3 inner apical seta minute [seta long, flexible] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

30 

P4 exp-3 inner apical seta minute [seta long, flexible] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

31 

P3 enp female at most 1-segmented [enp 2-segmented] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

32 

P3 female enp with 1 seta only [with 2 setae] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

33 

P4 enp completely lost [enp 2-segmented] 

0 

1 

1 

1 

1 

1 

0 

0 

0 

34 

P5 with fishbone-like setae [seta of regular bipinnate shape] 

0 

0 

0 

0 

0 

0 

1 

0 

0 

35 

PI exp-2 with 4 setae [with 5 setae] 

0 

1 

1 

1 

0 

0 

0 

0 

0 

36 

A2 abexopodal seta lost [abexopodal seta present] 

0 

1 

1 

1 

0 

0 

0 

0 

1 

37 

A2 without exp [with 1-segmented exp] 

0 

1 

1 

1 

0 

1 

1 

0 

1 

38 

P2-bearing thoracic somite dorsal processes H-like [without transverse connection] 

0 

0 

0 

1 

1 

0 

0 

0 

0 

39 

P3-bearing thoracic somite dorsal processes H-like [without transverse connection] 

0 

0 

0 

1 

1 

0 

0 

0 

0 

40 

P4-bearing thoracic somite dorsal processes H-like [without transverse connection] 

0 

0 

0 

1 

1 

0 

0 

0 

0 

41 

P5-bearing thoracic somite dorsal processes H-like [without transverse connection] 

0 

0 

0 

1 

1 

0 

0 

0 

0 

42 

P6-bearing thoracic somite dorsal processes H-like [without transverse connection] 

0 

0 

0 

1 

1 

0 

0 

0 

0 

43 

P3 female enp represented by single seta [exp 1-segmented] 

0 

0 

0 

0 

1 

0 

0 

0 

0 

44 

P2 exps 1-3 fused [exps 1-3 separated] 

0 

1 

0 

0 

0 

0 

0 

0 

0 

45 

P3 exps 1-3 fused [exps 1-3 separated] 

0 

1 

0 

0 

0 

0 

0 

0 

0 

46 

Rostrum constricted [rostrum broad at ist base, tapering anteriorly] 

0 

0 

0 

1 

0 

0 

0 

0 

0 

47 

P5 benp setae minute [setae reaching at least half of exopodal length] 

0 

0 

0 

1 

0 

0 

0 

0 

0 

48 

Mxl coxa with 1 seta [coxa with 2 setae] 

0 

? 

0 

1 

0 

0 

0 

? 

0 

49 

P3 enp female completely lost [enp at least 1-segmented] 

0 

1 

0 

0 

0 

1 

0 

0 

0 

50 

Mx enp with 1 seta [enp with 2 setae] 

0 

? 

1 

1 

0 

0 

0 

? 

1 
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Figure 15. Schematic illustration of the different male anten- 
nules, showing from (A-D) the successive reduction of seg¬ 
ments (*). Explanation in the text. 

rocer male A1 (Algensiella, Calypsophontodes Gheerar- 
dyn and Lee, 2012, Lobopleura, Paralaophontodes, Pata- 
goniaella, Probosciphontodes, Tapholaophontodes) (Fig. 
15C). In a second step, segments 4 and 3 are fused (Fig. 
15D), as seen in Paralaophontodes (Mielke 1981, Fiers, 
1986, and e.g. in Laophontodes armatus, see Fig. IIA 
present contribution). Furthermore, male descriptions of 
Algensiella boitanii Cottarelli and Baldari, 1987, A. lau- 
renceae (Bodiou and Colomines, 1988), Patagoniaella 
vervoorti Pallares, 1968 and Tapholaophontodes rollandi 
Soyer, 1974 (Cottarelli and Baldari 1987, Bodiou and Co¬ 
lomines 1988, Pallares 1968b and Soyer 1974, respective¬ 
ly, and Mielke 1985) include the same type of Al. Thus, 
the fusion of segments 3 and 4 may constitute a common 
deviation of all these taxa. Nevertheless, certain caution 
appears to be advisable, segment 4 is quite minute and 
may have been overlooked in the original descriptions of 
the above listed males (e.g. Fiers (1988) in his otherwise 
excellent description of Probosciphontodes stellata Fiers, 
1988 noted a 5-segmented male Al, but this was later re¬ 
vealed to be 6-segmented (Conroy-Dalton 2004) with a 
minute segment 4). Thus, before interpreting character 12 
as synapomorphic for a group of laophontodin taxa, de¬ 
tailed revision of Algensiella, Patagoniaella and Tapho¬ 
laophontodes is urgently needed. In the meantime, it is 
regarded as an autapomorphy of Paralaophontodes. 


Character 13 - Male antennular swollen segment with 
strongly developed, tooth-like spine: All known males 
of Paralaophontodes present a characteristic strong and 
tooth-like spine situated proximally at the anterior margin 
of the swollen antennular segment 4 (cf. Fig. 11 A). This 
feature is unique in Laophontodinae and its’ presumed 
closest relatives (Ancorabolinae, Ancorabolina, Cletodi- 
dae), which bear a normal-shaped seta, if at all. Therefore 
this strong spine is regarded as a derived character and 
interpreted as an autapomorphy for Paralaophontodes. 

Character 14 - Mxp without syncoxal seta: Character 
14 poses a certain degree of incertitude. Firstly, in older 
descriptions of Laophontodinae (mainly Laophontodes 
species), the maxilliped has been illustrated and described 
rather roughly, and therefore potentially not observing 
existing rows of spinules, the typical minute seta that ac¬ 
companies the maxillipedal claw, and the syncoxal apical 
seta. Such an assumption seems to be justified when con¬ 
sidering the differences between the original descriptions 
of e.g. Laophontodes bicornis A. Scott, 1896 or L. whit- 
soni T. Scott, 1902 with recent re-descriptions: In their 
original descriptions both species lack all of the above 
mentioned features, but all were observed on re-examina- 
tion (George and Gheerardyn 2015). 

Within the supposed sister-group of Laophontodinae, 
Ancorabolinae, the loss of the syncoxal seta has occurred 
in the whole Ancorabolus-linQSigQ, as well as in some gen¬ 
era of the Ceratonotus-group {Echinopsyllus and Pseude- 
chinopsyllus). This points towards a convergent loss of the 
syncoxal seta in both supposed monophyla. In Ancorabo¬ 
lina and in most Laophontodinae {Calypsophontodes, La¬ 
ophontodes, Lobopleura, Probosciphontodes) the synco¬ 
xal seta is present (but keep in mind the comparison “old 
vs. recent descriptions”). Apart from the species treated 
here, the Laophontodinae Algensiella, Patagoniaella and 
Tapholaophontodes also lack the syncoxal seta on mxp, 
but it seems unlikely that they are closely related to Para¬ 
laophontodes and Laophontodes armatus, L. hedgpethi 
and L. psammophilus since they each lack the other apo- 
morphies listed above. It is therefore hypothesized that 
in both Ancorabolinae and Laophontodinae the loss of 
the syncoxal seta of the mxp occurred independently (at 
least) twice. Considering the other apomorphies shared 
by the species treated here, however, it appears probable 
and plausible that this reduction took place in a common 
ancestor of Paralaophontodes and must therefore be con¬ 
sidered as an autapomorphy for that genus. 

Character 15 - PI enp considerably strengthened, 
transformed into powerful appendage: Laophontodinae 
and part of Ancorabolinae share a “laophontoidean-like” 
PI that is characterized by a 2- to 3-segmented exp of 
rather small size and slender shape and a 2-segmented, 
elongated, prehensile enp (cf. George 2006c for detailed 
discussion). However, Paralaophontodes and the La¬ 
ophontodes '"armatus-group” differ from the remaining 
Laophontodinae (and also from Ancorabolinae) in a re¬ 
markable strengthening of the PI enp. Such strengthening 
is characterized by a broadening of the endopodal seg- 
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ments and the apical claw in enp-2, transforming the PI 
enp from a slender, rather delicate appendage into a quite 
robust prehensile medium. This is considered to be auta- 
pomorphic for Paralaophontodes. 

Character 16 - PI Enp-2 distinctly elongate, reaching 
at least half the length of enp-1: As assumed by George 
(2006c), the basic morphology of ancorabolin and laop- 
hontodin PI includes a PI enp being about twice as long 
as the exp, with enp-1 being 4-5 times longer than enp-2. 
PI enp-2 carries 3 elements: 1 inner subapical tiny seta, 
1 apical claw of increasing strength within Laophonto- 
dinae, and 1 apical seta, often being geniculate (George 
2006c). Within Laophontodinae, the Paralaophontodes 
and the three Laophontodes species, L. armatus, L. hedg- 
pethi and L. psammophilus, exhibit a secondary elonga¬ 
tion of the PI enp-2, so that it is at least half the length 
of enp-1. It is regarded as a shared apomorphy of these 
species. 

Compared to apomorphy A discussed above (see sec¬ 
tion, ‘The taxon Paralaophontodes reconsidered’: PI exp 
2-segmented), characters 15 and 16 are of greater phylo¬ 
genetic relevance, as they are not simple reductions of a 
segment (which occurs quite often within Harpacticoida, 
i.e. an incongruent character). Characters 15 and 16 are 
instead diagnostic transformations of particular parts of 
a swimming leg, and are therefore congruent, detectable 
exclusively in the Paralaophontodes and the Laophon¬ 
todes '"armatus-group” species. 

Additional remarks: As described for Paralaophon¬ 
todes anjae sp. n., the intercoxal sclerites P2-P4 are 
strongly reduced. They are of a triangular, thom-like 
shape and do not connect the legs. Apart from P. anjae 
sp. n., this condition mentioned by Mielke (1981, p. 97) 
only: P. exopoditus shows a hooked process (“hakenar- 
tiger Fortsatz”) on the inner coxal margin. Other Para¬ 
laophontodes descriptions neither refer to such a process 
nor mention the loss of the intercoxal sclerites. However, 
at least Lang’s (1965) illustrations of P2-P4 on Laop¬ 
hontodes hedgpethi do show sclerotized parts in the re¬ 
spective coxal area, suggesting that they correspond to 
the relicts of former intercoxal sclerites. Also, the re-de- 
scription of L. armatus reveals a clearly reduced and very 
narrow, but still bow-like intercoxal sclerite (Fig. 12F, G) 
connecting both legs. Thus, it is supposed that the inter¬ 
coxal sclerites in Paralaophontodes are reduced, a con¬ 
dition that would constitute a valuable autapomorphy of 
that taxon. However, the legs are not separated in all the 
species treated in the present contribution and, since most 
descriptions do not specifically refer to the intercoxal 
sclerites, this feature requires further investigation before 
an autapomorphy can be definitively established. 

Re-establishment oiParalaophontodes robustus 

The description of Paralaophontodes robustus provided 
by Bozic (1964; as Laophontodes robustus) may perhaps 
not fulfil completely the current high standard of harpac- 
ticoid species descriptions; nevertheless, it is of a suffi¬ 
cient quality to characterize that species unambiguously. 


It is therefore somewhat surprising that Bozic’s (1964) 
description and the validity of L. robustus (subsequent¬ 
ly displaced to Paralaophontodes by Lang [1965]) have 
been consistently doubted (Lang 1965), resulting in its 
synonymisation with Paralaophontodes echinatus (Wells 
and Rao 1987) and the transfer of all associated material 
(La Reunion, Bozic 1964; Mediterranean, Bodin 1964, 
1968, Dinetl971, 1972). 

Bozic (1964) names (among others) three particular 
features characterizing the single specimen he described: 
(i) the fusion of P2 and P3 exps 1-3, (ii) the complete ab¬ 
sence of a P3 endopod in the female, and (hi) pronounced 
dorsal cuticular processes are restricted to the first three 
abdominal somites. These features are not found in P. 
echinatus, where (i) the P2 and P3 exps 1-3 are clearly 
separated, (ii) the female P3 bears a small, knob-like en¬ 
dopod carrying 1 seta, and (iii) pronounced cuticular pro¬ 
cesses also on all pedigerous somites (Piers 1986). Based 
on these strong differences between Bozic’s (1964) spec¬ 
imen and P. echinatus, a synonymy of P. robustus and P. 
echinatus must be refuted categorically. Such rejection is 
supported by comparing the female genital field: the P6 is 
developed as a distinct small segment bearing 2 setae in 
P. echinatus (Piers 1986) whilst in P. robustus it is fused 
to the body and lacks any setation (Bozic 1964). Thus 
the species Paralaophontodes robustus (Bozic, 1964) is 
re-established. 

Uncertainty persists with respect to the reports of P. 
robustus in the Mediterranean. Bodin (1964) re-described 
'"Laophontodes armatus(?/' from Lagune du Brusc 
(south of Sanary-sur-Mer, France) and from Plateau des 
Chevres (south of Marseille, France) but transferred it 
later (Bodin 1968) to Paralaophontodes robustus. Also 
Dinet (1971, 1972) reported P. robustus from the same 
region (He de Riou, Bay of Marseille, France). However, 
both authors remark that despite a general strong similar¬ 
ity of their specimens with that from Bozic (1964) (e.g., 
the absence of an endopod even at P3), the Mediterranean 
individuals present separated exopods on P2 and P3. As¬ 
suming that Bozic (1964) was not wrong, the fused P2 
and P3 exopods constitute a highly valuable apomorphic 
character for Paralaophontodes robustus. Even the fact 
that Bozic’s (1964) description is based on only one fe¬ 
male does not justify rejecting the validity of the species, 
since this is not uncommon when describing rare Har¬ 
pacticoida. Bozic (1964) undoubtedly described an adult 
female, so the fusion of the exopods cannot be interpret¬ 
ed as an ontogenetic stage (i.e., not yet separated). Thus, 
trusting in Branko Bozic’s power of observation, two 
possibilities must hitherto be considered: 

The specimen described by Bozic (1964) presented 
malformations in both the P2 and P3. This is possible, har- 
pacticoid specimens do present malformations relatively 
frequent (George, pers. obs.). The fact that both Bodin 
(1964, 1968) and Dinet (1971, 1974) explicitly stress the 
strong resemblance of their Mediterranean material with 
Bozic’s (1964) specimen from La Reunion, particularly 
with respect to the lost P3 enp, makes the assumption of a 
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malformation in P2 and P3 exopods in Bozic’s specimen 
somewhat plausible. It might therefore be concluded that 
the specimens of La Reunion and the Mediterranean be¬ 
long to the same species, i.e. Paralaophontodes robustus. 

P. robustus does present fused P2 and P3 exopods 
as autapomorphic specific character. This would mean 
that both Bodin’s (1964, 1968) and Dinet’s (1971, 1974) 
identifications were not correct and the Mediterranean 
specimens do not represent P. robustus. 

Unfortunately, the original material is not available, 
and therefore additional material from both La Reunion 
and the French locations is needed for further comparison 
to determine the correct status of these records. 

Establishment of Paralaophontodes anjae sp. n. 

Paralaophontodes anjae sp. n. shares all the mentioned 
generic autapomorphies 1-16 of Paralaophontodes. 
It differs from already known species, primarily by the 
derived condition of the complete loss of a female P3 
endopod. That endopodal loss separates P. anjae sp. n. 
from all other Paralaophontodes and Laophontodes ''ar- 
matus-group'' species, L. armatus, L. hedgpethi and L. 
psammophilus, with one exception: P. robustus also lacks 
a P3 enp in female (see previous section). Nevertheless, 
P. anjae sp. n. and P. robustus differ regarding the follow¬ 
ing features: (i) cephalic lateral extensions strongly trian¬ 
gular in P. robustus, but only moderately triangular in P. 
anjae sp. n.; (ii) pedigerous somites bearing P2-P5 dor- 
sally with tiny socles in P. robustus, while bearing strong 
sclerotized processes inP. anjae sp. n.; (iii) PI exp-2 with 
4 bare geniculate setae in P. robustus but with 5 bare ge¬ 
niculate setae in P. anjae sp. n.; (iv) P2 and P3 exopodal 
segments fused in P. robustus, but separated in P. anjae 
sp. n. Therefore, the erection of a new species to assign 
the Chilean specimen is well-justified. 

Transfer of Laophontodes armatus^ L. hedgpethU and 
L. psammophilus to Paralaophontodes 

Based on the comprehensive phylogenetic discussion 
given above, it is established that the species Laophon¬ 
todes armatus, L. hedgpethi and L. psammophilus share 
apomorphic characters 1-16 (characters 12 and 13 un¬ 
known for L. psammophilus) with the currently accepted 
Paralaophontodes species and are therefore considered 
to be their close relatives. Fiers (1986) pooled these spe¬ 
cies into a so-called ''armatus-group"" and considered it a 
sister-group of Paralaophontodes, but distinguished them 
by apomorphic characters A-C. However, retaining the 
'"armatus-gxoup’' within Laophontodes overlooks the ne¬ 
cessity for characters 1-16 to have evolved twice, conver- 
gently, within Laophontodinae: once in the taxon Para¬ 
laophontodes and once in the taxon Laophontodes. Given 
the high phylogenetic relevance of all 16 apomorphies 
(see Character discussion above) their interpretation in¬ 
stead as shared apomorphies is much more plausible. The 
assumption of convergent evolution should be therefore 
applied to the apomorphies A-C previously assigned to 
Paralaophontodes. Consequently, the reassignment of L. 


armatus, L. hedgpethi and L. psammophilus from Laop¬ 
hontodes into Paralaophontodes is undertaken, re-nam¬ 
ing the corresponding species Paralaophontodes armatus 
(Lang, 1936) comb, n., P. hedgpethi (Lang, 1965) comb, 
n., andP. psammophilus (Soyer, 1974) comb. n. 

The above presented discussion confirms that the taxon 
Laophontodes is actually quite a heterogeneous collection 
of species (George and Gheerardyn 2015) that urgently 
needs to be re-examined. In addition to previous revision¬ 
ary work (Lang 1965, Conroy-Dalton 2004, Gheerardyn 
and Lee 2012), the reassignment of the "'armatus-gxoup'’'’ 
into Paralaophontodes is another important step towards 
an elucidation of the systematics of Laophontodes and 
even Laophontodinae. 

Concerning the differences that led to the '"arma- 
rw^-group” previously being retained in Laophontodes 
(i.e. the 3-segmented PI exp, the retention of an apical 
seta in PI enp-2, and the presence of endopods in P2 and 
P4), these are rejected here according to the detailed char¬ 
acter discussion presented above. With the transfer of the 
''armatus-gxo\xp"" into Paralaophontodes, these charac¬ 
ters are assumed to have evolved within Paralaophon¬ 
todes, a condition that is commonplace in Harpacticoida. 

Phylogenetic relations within Paralaophontodes 

While the monophylum Paralaophontodes is in the au¬ 
thor’s opinion well-founded, unambiguously supported by 
autapomorphies 1-16 (see above), the relationships with¬ 
in Paralaophontodes are difficult to discern. Thirty-four 
additional morphological characters (17-50, Tab. 3) were 
included in the phylogenetic analysis. Possible phyloge¬ 
netic relationships inside Paralaophontodes are discussed 
in detail below and summarized in Figure 16. 

A supposed basal position within the genus may corre¬ 
spond to P. hedgpethi comb. n. It is the only species to show 
the assumed plesiomorphic state in characters 17-19 (the 
retention of an inner seta in the second exopodal segment 
of P2-P4) and in character 20 (the retention of an inner seta 
also in P2 exp-3). It can be justified as a distinct species 
due to character 21 (the exclusive possession of long and 
flexible setules on the abdominal dorsal processes: Lang 
1965). Outgroup comparison (Ancorabolinae, Cletodidae) 
confirms the uniqueness of such setules, so they are inter¬ 
preted as a derived state for P. hedgpethi comb. n. 

P. hedgpethi comb. n. is followed by P. psammophilus 
comb, n., as both species retain a P2 endopod (character 
22) as well as an inner seta on P3 and P4 exp-3 (charac¬ 
ters 23, 24). In contrast, all remaining Paralaophontodes 
species share the derived condition that is the complete 
loss of a P2 endopod, and the loss of inner setae on P3 and 
P4 exp-3. Nonetheless, P. psammophilus comb. n. can 
be characterized by an autapomorphy, namely the trans¬ 
verse extension of the PI basis (character 25) to which 
the PI exopod is connected. Such transverse extension 
is virtually absent within Laophontodinae (exception: 
Laophontodes gracilipes Lang, 1936) but expressed in 
Ancorabolina and showing its strongest development in 
Ancorabolinae. 


zse.pensoft.net 



Zoosyst. Evol. 93 (2) 2017, 211-241 


235 


Paralaophontodes Lang, 1944 



Figure 16. Cladogram summarising the results of the phylogenetic analysis presented in the text. Enumeration of apomorphies 
according to the text. 


Next in the systematic hierarchy might be P. armatus 
comb. n. which, together with P. hedgpethi comb. n. and 
P. psammophilus comb, n., holds the ancestral states of a 
series of characters: possession of a geniculated seta on PI 
enp-2 (Character 26), PI exopod still 3-segmented (char¬ 
acter 27), P2-P4 exp-3 inner apical seta long and flexi¬ 
ble (characters 28-30), P3 female endopod 2-segmented 
(character 31) and carrying 2 setae (character 32), and P4 
still bearing an endopod (character 33). Otherwise, Para¬ 
laophontodes armatus comb. n. may be characterized 
by the presence of 1 (female) or 2 (male) flshbone-like 
setae at the P5 (character 34). The corresponding setae 
in the remaining Paralaophontodes species and in the 
Laophontodinae in general are usually bipinnate. In P. 
armatus comb. n. these setae show strongly developed 
pinnae which are fused to the seta, giving a flshbone-like 
appearance. These flshbone-like setae are considered as 
an autapomorphy of P. armatus comb. n. 

The remaining clade [P. anjae sp. n.— P. echina- 
tus — P. elegans — P. exopoditus — P. robustus] is char¬ 
acterized by the derived states of characters 26-33 (see 
Table 3, Fig. 16). The relationships within that clade are, 
however, somewhat ambiguous. While some species may 
be characterized by unambiguous autapomorphies (P. 
exopoditus'. character 43; P. robustus comb, n.: charac¬ 
ters 44, 45; P. elegans'. characters 46-48; cf. Table 3), P. 
anjae sp. n. shares its speciflc deviation (character 49) 
with P. robustus, whilst P. echinatus, as yet cannot be 
characterized by an autapomorphy. Similar incongru¬ 


ence is observed if ascending further in the cladogram 
(Fig. 16). Paralaophontodes echinatus, P. elegans, and 
P. robustus appear more closely related, sharing 3 devi¬ 
ations: loss of 1 geniculated seta in PI exp-2 (Character 
35), loss of the abexopodal seta in A2 (character 36), and 
loss of the antennary exopod (character 37). Furthermore, 
Paralaophontodes elegans and P. echinatus also appear 
closely related, showing greatest similarity in the derived 
shape of their thoracic dorsal processes, which are H-like 
only in these two species (characters 38-42). In contrast, 
the allocation of P. exopoditus is difficult. It shares any 
synapomorphy neither with P. anjae sp. n. nor with any 
of the other three species (Table 3, Fig. 16). 

With respect to characters 36 and 37, it has to be con¬ 
ceded that both characters are somewhat weak. The loss 
of the abexopodal seta in A2 (36) is also described for the 
presumed most primitive P. hedgpethi comb, n., and loss 
of the A2 exopod (37) is also recorded in P. anjae sp. n., 
P. armatus comb. n. and P. hedgpethi comb. n. (cf. Table 
3, Fig. 16). In particular the here supposed convergent 
loss of the A2 exp (37) in four clades - (1) [P. hedg¬ 
pethi], (2) [P. armatus], (3) [P. anjae sp. n.], and (4) [P. 
robustus — P. echinatus — P. elegans] - contradicts the 
principle of parsimony. It would be more parsimonious 
assuming that the loss of the A2 exp occurred once in the 
Paralaophontodes groundpattern, while reversing subse¬ 
quently in P. robustus and P. exopoditus. Nonetheless, 
also the latter implies certain problems. The reduction of 
appendages is a comparatively common occasion within 
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Copepoda, described as principle of oligomerization (e.g. 
Huys and Boxhall 1991), whereas the formation of new 
armature elements happens only quite sporadically in 
Harpacticoida (Huys 1996), and the secondary develop¬ 
ment of previously lost segments has not been document¬ 
ed for Copepoda so far. Therefore, manifold convergent 
loss of the A2 exp within Paralaophontodes sounds more 
plausible and probable than its secondary and indepen¬ 
dent re-formation. 

The resulting partly unsatisfactory systematic reso¬ 
lution within Paralaophontodes may be an effect from 
limitations in information available on morphological 


characters, and therefore genetic comparison should be 
considered in future studies (but see below). Neverthe¬ 
less, this lack of resolution undoubtedly also results from 
insufficient and incomplete species descriptions that can 
and should be resolved in the future. As an example Ta¬ 
ble 3 includes characters 48 and 50 that, despite their pre¬ 
sumed high phylogenetic value, have not been described 
for P. psammophilus comb. n. andP. robustus. Similarly, 
other mouthparts that might provide important additional 
phylogenetic information are not described for all spe¬ 
cies. This clearly demonstrates the importance of species 
re-descriptions in the context of phylogenetic analyses. 


Key to species of Paralaophontodes (females) 

1 All free body somites with strongly developed dorsal cuticular processes.2 

Strongly developed cuticular processes restricted to abdominal somites only.3 

2 PI exp 3-segmented; at least P4 with endopod.4 

PI exp 2-segmented; P2 and P4 without endopods.5 

3 PI exp 3-segmented; PI enp-2 with claw, 1 tiny seta and 1 additional long seta; P2 and P3 with 3-segmented exps; P2 

and P4 with enps.P. hedgpethi Lang, 1965 

PI exp 2-segmented; PI enp-2 with claw and 1 small seta only; P2 and P3 exopodal segments not separate, 1-segment- 
ed; P2-P4 lacking enps.P. robustus (Bozic, 1964) 

4 Cephalic lateral extensions moderately triangular; A2 with 1-segmented small exp bearing 1 bare seta; P2 with enp.... 

.P. psammophilus (Soyer, 1974) 

Cephalic lateral extensions strongly triangular; A2 without exp; P2 without enp.P. armatus (Lang, 1936) 

5 Rostrum narrowed; cephalic lateral extensions only weakly developed; P5 baseoendopodal setae small, not reaching 

insertion of first outer exopodal seta.P. elegans Baldari and Cottarelli, 1986 

Rostrum triangular; cephalic lateral extensions strongly triangular; P5 baseoendopodal setae long, surpassing insertion 
of second outer exopodal seta.6 

6 PI exp-2 with 5 geniculate setae; female P6 fused to body somite, represented by 1 small bipinnate seta.7 

PI exp-2 with 4 geniculate setae; female P6 distinct, small segment carrying 2 bare setae; P3 endopod a small, knob¬ 
like segment with 1 small bare seta; A2 without exp.P. echinatus (Willey, 1930) 

7 A2 with minute knob-like exp carrying 1 small seta; female P3 enp represented by small bare seta. 

.P. exopoditus Mielke, 1981 

A2 without exp; female P3 enp completely los.P. anjae sp. n. 


Distribution of the taxon Paralaophontodes 

Figure 17 shows the updated distribution patterns of 
Paralaophontodes, including data from both the literature 
and new records. From published data, most species have 
been reported from single locations: Paralaophontodes 
exopoditus, Galapagos Islands (Ecuador; Mielke 1981); 
P. elegans, Mindoro Island (The Philippines; Baldari 
and Cottarelli, 1986); P. hedgpethi, Dillon Beach, Cal¬ 
ifornia (U.S.A.; Lang 1965); P. psammophilus, Courbet 
Peninsula (Kerguelen Islands; Soyer 1974); andP. robus¬ 
tus, whose situation has been discussed in detail above. 
Paralaophontodes armatus shows a somewhat wider, but 
nonetheless regionally restricted distribution, seeming to 
be confined to the “Magellan Subregion” sensu De Broyer 
et al. (2014) (Lang 1936: Falklands; Pallares 1968a: Ria 
Deseado, Argentina, cf also George 2014). In contrast, 
Paralaophontodes echinatus was collected in the Carib¬ 
bean (Willey 1930, 1935: Bermuda; Fiers 1986: Yucatan 
Peninsula, Mexico) as well as in the Indian Ocean (Wells 
and Rao 1987: Aberdeen, Port Blair, South Andaman). 


Additional Paralaophontodes material kindly given to 
the author provides further chorological information for 
some of the Paralaophontodes species (Fig. 17). Thus, 
the records of Paralaophontodes armatus near Punta 
Arenas and Punta Yartou in the Chilean Magellan Straits 
(present contribution) support its distribution in the Ma¬ 
gellan Subregion. Similarly, the Caribbean distribution 
of Paralaophontodes echinatus is corroborated by the 
records from Andros Island (Bahamas; present contribu¬ 
tion). Moreover, its discovery at Golfito Harbour (Costa 
Rica; present contribution) extends its distribution range 
into the Pacific Ocean, a condition that has already been 
observed for several other harpacticoid species (e.g. 
Mielke 1990, 1994, 1995) and which may indicate a link 
between the Caribbean and Indian Ocean (Wells and Rao 
1987). The widest distribution range is seen in Para¬ 
laophontodes exopoditus. It was first reported from the 
Galapagos Islands (Mielke 1981) and seems to show a 
Pacific-wide distribution, also being recorded at Ednago 
Island (Papua New Guinea, present contribution). More¬ 
over, its record in Dahab (Egypt, Red Sea, present contri- 
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Figure 17. Map showing the world-wide distribution of Paralaophontodes Lang, 1965; including the distribution patterns of the 
respective species. 


bution) even suggests its distribution crossing the Indian 
Ocean. Therefore, from the eight species shown in Fig. 
16 only Paralaophontodes hedgpethi, P. psammophilus, 
P. robustus (?) and P. anjae sp. n. continue to retain a 
single-record locality. 

Summarizing the above compiled records, the taxon 
Paralaophontodes shows an almost world-wide distribu¬ 
tion, so far remaining absent only from the Central Atlantic, 
the High Antarctic and the Arctic. However, with the Falk- 
lands’ records of P. armatus in mind, it might be assumed 
that Paralaophontodes may be also distributed northwards 
into the Atlantic Ocean as well as southwards into high 
Antarctic regions. The latter may be supported by the re¬ 
cord of P. psammophilus from Kerguelen (Soyer 1974). 

It is noteworthy that all findings of Paralaophontodes 
are restricted to the littoral, with the deepest record at 15 
m {P. armatus, Punta Yartou, Magellan Straits, Chile). 
Even in the vastness of the oceans, records of Paralaop¬ 
hontodes have only been documented from the shores of 
oceanic islands, while extensive sampling in the deep sea 
(e.g. George et al. 2014 [Atlantic Ocean], Mahatma 2009 
[Pacific Ocean]) and on seamounts (George 2013) has not 
revealed Paralaophontodes. It is therefore concluded that 
Paralaophontodes constitutes a truly littoral taxon, and so 
supports the hypothesis of a “meiofauna paradox” (Giere 
2009), whereby meiobenthic taxa, particularly those inhab¬ 
iting only littoral biotopes, present a wide to cosmopolitan 
distribution despite their apparent inability to traverse large 
distances and deep-sea areas (cf. Packmor et al. 2015). 


One might expect that Paralaophontodes would be 
present on Atlantic islands, as it is in the Indian and Pacific 
Ocean. However, despite extensive qualitative sampling 
in Madeira and Porto Santo Island (Packmor and George 
2016) and the Azores (Chapman and Santler 1955, Kunz 
1983) Paralaophontodes has not been recorded. Future 
additional sampling on other Atlantic islands is needed to 
determine if it is present in the Atlantic. It must be stated 
that the methods of and conditions required for Paralaop¬ 
hontodes species dispersal remain elusive. 

Whereas statements on wide meiofaunal distribution 
ranges usually remain unquestioned at the genus level (e.g. 
George and Tiltack 2009, Handschuhmacher et al. 2010, 
Menzel et al. 2011), they often cause certain scepticism if 
looking at the species level. In particular, since molecu¬ 
lar methods have been employed for taxonomic, system¬ 
atic and biogeographic (= phylogeographic) research (e.g. 
Hebert et al. 2003, Tautz et al. 2003, Kieneke et al. 2012, 
Janssen et al. 2015, Mohrbeck et al. 2015, Raupach et al. 
2015), morphological approaches have been increasingly 
renounced. For instance, genetic investigations of some 
meiobenthic polychaetes, the gastrotrich Xenotrichula 
intermedia Remane, 1934, the calanoid copepod Euryte- 
mora affinis (Poppe, 1880) and the harpacticoid copepod 
Cletocamptus deitersi (Richard, 1897) suggest that their 
apparent broad geographic distribution ranges, originally 
based on morphological studies, actually represent sibling 
species complexes (Westheide and Schmidt 2003, Toda- 
ro et al. 1996, Lee 2000, and Rocha-Olivares et al. 2001, 
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respectively; see also Guil 2011 for further taxa). Against 
that background it may sound somewhat careless stating 
that Paralaophontodes echinatiis and P. exopoditiis per¬ 
haps show a world-wide distribution (Fig. 17). Both were 
objects of morphological comparison only, as no molecu¬ 
lar data are yet available. This is also true for P. armatus, 
whose distribution appears to extend into the whole Magel¬ 
lan Subregion (Fig. 17) but which presents some morpho¬ 
logical uncertainties (see remarks on that species above). 

Additional molecular studies might sharpen the so far 
observed distribution patterns, and admittedly it is imag¬ 
inable that the named Paralaophontodes species may con¬ 
stitute complexes of more than one species. One should 
keep in mind, however, that although genetic studies are 
without doubt important and provide valuable contribu¬ 
tions in chorological and biogeographic research, their re¬ 
sults should not be overzealously followed to the neglect 
or even rejection of morphological approaches. Jorger 
et al. (2012, p.l), for example, suggests the presence 
of “extensive, morphologically cryptic diversity among 
meiofauna“, implying the need for molecular methods 
in meiobenthic studies. Yet several taxa (e.g., Harpac- 
ticoida, Halacarida, Loricifera, Nematoda [part.], Tardi- 
grada) provide distinct and clear-cut morphological and/ 
or anatomic characters useful for species differentiation 
(which sometimes have been simply overlooked during 
species description or determination, leading this to the 
formation of species complexes). This is demonstrated 
by a number of molecular studies that have simply con¬ 
firmed morphological data (e.g. Westheide and Schmidt 
2003, Leese et al. 2010, Nikula et al. 2010, Brix et al. 
2011, Gollner et al. 2011, Kieneke et al. 2012, Brix et al. 
2014), including species with wide geographic distribu¬ 
tions. Jorger et al. (2014) has in fact found that molecular 
approaches are not always able to address all uncertain¬ 
ties regarding species delineation. Thus, an adequate ap¬ 
proach may be the so-called “integrative taxonomy” that 
has become a more and more accepted way of combining 
both morphology and genetics (e.g. Kieneke et al. 2012, 
Brix et al. 2014, Janssen et al. 2015), since morphological 
characters are not always indisputable and molecular data 
not always precise. One has to keep in mind, however, 
that molecular studies of meiobenthos remain rare (Guil 
2011) and this is true for the here treated taxon Paralaop¬ 
hontodes. Future morphological and molecular investiga¬ 
tion may elucidate taxonomic uncertainties and doubts, as 
well as emerging distribution patterns. 
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Abstract 

Calinaga (Moore 1857) is a rare and enigmatic Asian butterfly genus whose 
phylogenetic placement within Nymphalidae has only recently been established. The 
evolutionary history of Calinaga species however remains unknown. Here we explore 
the phylogeography of Calinaga using 1310 bp of sequence data from two molecular 
(mtDNA barcode and ribosomal protein S5 nuclear gene) and two morphological traits 
(genitalia and wing pattern). Within the proposed phylogenetic framework, we estimate 
the ages of divergence within the genus and reconstruct their historical biogeography. We 
found strong support for monophyly of Calinaga and support for the most recent accepted 
species in the genus. Our results indicate that the common ancestor of Calinaga first 
split in the Eocene (~43 million years ago) in southern China, probably as a consequence 
of geological and environmental impacts of the collision of the Indian and Asian 
subcontinents. In the Oligocene/Miocene, the extrusion of Indochina from the continent 
caused further dramatic orogenetic changes that promoted isolation and speciation events 
within the genus while Pleistocene climatic changes also influenced the distribution and 
further speciation. A dispersal-vicariance analysis suggests that vicariance events have 
played a far more important role than dispersal in the distribution of extant species. 


Introduction 

Calinaga (Moore, 1857) is an enigmatic butterfly genus 
mainly distributed in the Indochina region, but also ex¬ 
tending to Taiwan and the Himalayas (Fig. lA). It is a 
prime example of a pattern that is found in diverse Hi- 
malayan-Indochinese genera of butterflies (e.g. Bhuta- 
nitis, Byasa, Callerebm, Loxerebia, Hemadara, Neope, 
Chrysozephyrus) and in many other groups including ver¬ 
tebrates (e.g. birds - Phylloscopus: Martens et al. 2011; 
frogs - tribe Paini: Che et al. 2010; plants - Roscoea: Zhao 
et al. 2015). Species of Calinaga inhabit forested areas at 
altitudes between about 1000-2000m where their larvae 
feed on various species of Morus (Lee 1958, Ashizawa 
and Muroya 1967, Chou 1994, Zhang and Hu 2012). 

The systematics of the genus has long been a topic for 
taxonomic discussion. Moore (1857) described the genus 


under “Strip III., with Chilopodiform or Scolopendriform 
Larvae” alongside other nymphalids, with C. buddha as 
its type species. Kirby (1871) assigned Calinaga spe¬ 
cies to the Papilionidae (genus Parnassius), but he later 
(1877) placed the genus in the Nymphalidae (Hypolimnas 
group). Moore (1895) included Calinaga in the monoba¬ 
sic subfamily Calinaginae that is currently comprised of 
only this genus. Later Fruhstorfer (in Seitz 1927) recog¬ 
nized the genus under Nymphalidae based on certain mor¬ 
phological characters (genitalia, antennae, wing patterns), 
while Clark (1947) placed it in the “family” Danaidae and 
later gave it a separate family status, Calinagidae, between 
the “families” Argynnidae and Danaidae (Clark 1948). 
Ehrlich (1958a) recognized it as a distinct monotypic 
subfamily within the Nymphalidae, and, on the basis of 
characters of the adult integumental anatomy, suggested a 
close relationship to the subfamilies Satyrinae and Morph- 
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inae. This affinity was subsequently supported by studies 
on larval stages (Lee 1958) and adult morphology (Freitas 
and Brown 2004), as well as by recent molecular and phy¬ 
logenetic studies that have firmly placed the subfamily as 
the sister to Satyrinae + Charaxinae (Wahlberg and Wheat 
2008, Pena and Wahlberg 2008, Wahlberg et al. 2009, 
Heikkila et al. 2012). At species level, Ehrlich (1958b) 
suggested that Calinaga was monotypic, comprised of a 
single species, C. buddha (Moore, 1857). The main prob¬ 
lem of the traditional taxonomic species-level framework 
for Calinaga, from Fruhstofer (in Seitz 1927) to Ehrlich 
(1958b), has been the practice of placing the vast major¬ 
ity of available names as subspecies or synonymous un¬ 
der C. buddha. Presently, taxonomists consider the genus 
composed from 7 to 11 species (D’Abrera 1985, 1993, 
Beccaloni et al. 2003, Eang 2012, Savela 2015, Sondhi et 
al. 2016, Vane-Wright, personal communication). A mo¬ 
lecular study to shed light on systematic and evolutionary 
history of these species has never been attempted. 

Eocated in the continental portion of Southeast Asia, ly¬ 
ing to the southeast of the Himalayas and south of China, 
the Indochina bioregion has long been recognized as an 
area with globally important levels of biodiversity (Myers 
et al. 2000). Recent meta-analyses of geological, climat¬ 
ic, and biological datasets have demonstrated impressive¬ 
ly that it is one of two major evolutionary hotspots for 
Southeast Asian biodiversity for a diverse range of plants 
and vertebrates (de Bmyn et al. 2014). It is a geologi¬ 
cally and topographically complex region, with intricate 
current and historical climatic patterns that contribute to 
its rich biotic diversity (e.g. Fontaine and Workman 1997, 
Hall 1998, 2001, An 2000, Morley 2000, Sterling et al. 
2006). Although several studies have examined the pro¬ 
cesses that have led to present patterns of species richness 
in plants and vertebrates (Bain and Hurley 2011, de Bmyn 
et al. 2014), little is known about the underlying causes for 
this remarkably high diversity, mechanisms of speciation, 
or origin of the Indochinese insect fauna. Until recently, 
some contributions addressing these topics were focused 
on species groups with high dispersal ability, such as but¬ 
terflies (Monastyrskii and Holloway 2013). 

For the first time in this study, we conduct an analysis of 
molecular data (mitochondrial COI-5’ and ribosomal pro¬ 
tein S5 nuclear gene (RpS5)) and we examine morphologi¬ 
cal characters (genitalia and wing pattern) for 51 specimens 
of Calinaga from widely distributed sites in the Indochina 
region (Fig. lA, Table 1), for inferring preliminary infor¬ 
mation on the molecular phylogeny and the biogeographic 
processes which determined present-day distribution of the 
genus. An upcoming study by the first author (VT) will in¬ 
vestigate the type material held at NHM Eondon, with the 
aim of adding new information to the existing dataset. 

Given the scarcity of information on the evolutionary 
history of Calinaga, the geographic and taxonomic cov¬ 
erage in our datasets will help to advance understanding 
of the diversification of this charismatic insect group in 
the Indochina bioregion and of other genera with similar 
distribution patterns. 


Materials and Methods 

We examined 51 Calinaga individuals from 29 localities 
across India, South China (Yunnan, Shaanxi, Qinghai, Si¬ 
chuan), Eaos, Vietnam, Myanmar and Thailand (Fig. lA, 
Table 1). Photographs of all specimens used in the study 
as well as detailed collecting data are available in the Bar¬ 
code of Fife Data System (BOED) (Ratnasingham and 
Hebert 2007) at https://doi.org/10.5883/DS-CAEI. The 
specimens were initially identified as including represen¬ 
tatives of six species: C. aborica (N= 2), C. buddha (N= 
25), C. buphonas (N= 2), C. davidis (N= 6), C. lhatso (N= 
2) and C. sudassana (N= 14). Samples were submitted 
for sequencing using the original identifications, but they 
were re-identified following collection of genetic and 
morphological data (see paragraph 2.1). We were unable 
to obtain sequences from, among others, the following 
taxa: C. buddha buddha (Northern India), C. gautama 
(Sikkim), C. davidis davidis, C.fokienensis, C. kunagtun- 
gensis and C pacifica (China), C. formosana (Taiwan), 
and C. distans (Southern Vietnam). 

Morphology 

Morphological identifications in this study were made 
based on illustrations of type material in Moore (1857), 
Melvill (1893), Eeech (1892), de Niceville (1897), Seitz 
(1909, 1927), Tytler (1915), Oberthiir (1920), Eang 
(2012) and Sondhi et al. (2016). Male genitalia were dis¬ 
sected, prepared and photographed using traditional tech¬ 
niques (Supplementary Material SI: Sbordoni V. personal 
communication). 

Amplification and sequencing analysis 

DNA was extracted from one leg of each individual on 
Biomek FX liquid handling robot using a semi-automated 
DNA extraction protocol (Ivanova et al. 2006) on glass 
fiber plates (PAEE Acroprep 96 with 3 pm GF membrane 
over 0.2pm Bioinert membrane). DNA was eluted in 35- 
40pl of ddH^O pre-warmed to 56°C and stored at -80°C. 
Polymerase chain reactions (PCR) and DNA sequencing 
were carried out following standard procedures for Eep- 
idoptera (Hajibabaei et al. 2005, deWaard et al. 2008). A 
658-bp fragment of cytochrome c oxidase subunit I (COI) 
was targeted for amplification using the primers EepF (5’ 
ATTCAACCAATCATAAAGATATTGG3’) and EepR 
(5 ’ TAAACTTCTGGATGTCC AAAAAATC A3 ’). 

The entire nuclear RpS5 was initially amplified using 
the primers RpS5f/r (Wahlberg and Wheat 2008) and af¬ 
terwards a fragment covering 483 bp was obtained by nest¬ 
ed PCR using RpS5f and a novel specific primer (5’AC- 
MGTDCGYCGTC ARGCTGTRGAYGTBTCWCC3 ’), 
developed from conserved regions. The PCR conditions 
were carried out as in Todisco et al. (2010). 

Sequences were obtained by using an ABI 3730x1 se¬ 
quencer following the manufacturer’s recommendations 
and they were edited and assembled using CodonCode 
Aligner 6.0.2. All sequences of Calinaga were submitted 
to GenBank (Accession Numbers in Table 1). 


zse.pensoft.net 



Zoosyst. Evol. 93 (2) 2017, 243-254 


245 




Figure 1. (A) Approximate geographic distributions (Shirozu 1960, Lang 2012) and sampling localities (circles) for the species 
of Calinaga included in this study (with the exception of the sample CBUD-INDIN for which we do not have an exact locality). 
Species as initially identified are highlighted and shown in different colours. Note that many of these initially attributed names 
subsequently proved erroneous. The map was obtained using Quantum GIS 2.8.2 based on a map from Natural Earth (www.natu- 
ralearthdata.com). (B) Median-Joining Network of mtDNA. Circle size proportional to haplotype frequency; number of nucleotide 
substitutions indicated along connections, except for single or double substitutions. In both figures the species are highlighted and 
shown in different colours as initially identified. 


Phylogenetic analyses and fossil calibration 

Two sequences from C. buddha (COI: EF683684, 
AY090208; RpS5: EU141406) and one from C. davidis 
(COI: HQ658I43), as well as COI and RpS5 sequences 


for eight outgroups for species belonging to closely relat¬ 
ed lineages of Nymphalidae (Charaxinae and Satyrinae) 
from Wahlberg and Wheat (2008) were retrieved from 
GenBank and added to our dataset (see Table 1). 
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Table 1. Taxon= Calinaga species identified in this study. Sample numbers (N), collection locality, population code, mtDNA hap- 
lotype code and GenBank Accession numbers. 


taxon 

N 

Collection locality 

Population 

code 

Haplotype 

code 

GenBank Accession 

COI KX233- 

RpS5 KX283- 

aborica 

2 

Burma: N Sagaing, Tailing Hka river 

CABO-BURSA 


590/612 

390/398 

lhatso 

1 

China; Shaanxi, Tsniing Mts, Foping nature 
reserve, 1600 m 

CLHA-CHSTF 

H 4 

570 

379 

davidis 

2 

China: Qinghai, Ningyou Jiuzhi country 

CDAV-CHNJQ 

H H 

■^15' “^23 

576/581 

382/384 

davidis nubilosa 

2 

China: Qinghai, Ningyou Jiuzhi country 

CBUD-CHQNJ 

H,3 

577/593 

383/391 

davidis 

1 

China; Sichuan, Yingxiuwan, 1000 m 

CDAV-CHSYI 

H,, 

596 

394 

davidis nubiiosa 

1 

China; W Sichuan, Dayi district, 23Km north 
of Huashuiwan, 1500m 

CBUD-CHSDH 

H,, 

603 

- 

davidis nubiiosa 

1 

China: W Sichuan, Shimian-Mianning road, 
2300 m 

CBUD-CHSSM 

H 20 

599 

- 

davidis nubiiosa 

1 

China: W Sichuan, 30km W of Tianquan, 

1250 m 

CBUD-CHSTI 


580 

- 

davidis nubiiosa 

3 

China: W Sichuan, Ya'an-ergaz Shan, 1400 m 

CBUD-CHSYS 

H H 

1 ^ 12 , n^3 

601/614/609 

- 

davidis 

2 

China: S Sichuan, SW of Dechang Miyi, 2100 
m 

CBUD-CHSDM 

H H 

r\2i 

572 

615 

- 

davidis buphonas 

3 

China: Yunnan, Wei-Xi 10km SE, 2000-2400 
m 

CDAV-CHYWE 

Hn 

613/584/616 

387/399 

davidis buphonas 

1 

China: Yunnan, Surroundings of Dali city, 

2400 m 

CBUD-CHYDA 

Hn 

594 

392 

davidis 

2 

China: Yunnan, NingjingShan Tse-Kou 

Mekong River, 2100 m 

CBUD-CHYNM 

Hn 

619/605 

401/395 

davidis genestieri 

1 

China: Yunnan, Ningjing Shan Wei-Shi, 2200 
m 

CBUD-CHYNS 

Hn 

583 

386 

davidis genestieri 

1 

China: Yunnan, Wei-Xi, 2200 m 

CBUD-CHYWX 

H.n 

618 

- 

davidis 

1 

China: Yunnan, 40km N of Xhinxrong, 1850 
m 

CBUD-CHYXH 

H 22 

586 

- 

sudassana 

2 

China: W Yunnan, Salween valley, 6 Km of 
Fugong, 1300 m 

CBUD-CHYSA 

H 5 

611/587 

397 

davidis 

2 

China: W Yunnan, Salween valley, 16Km N of 
Gongshan, 1675 m 

CBUD-CHYSG 

Hn 

617/620 

400/402 

davidis cercyon 

2 

China: N Yunnan, Sanba: Blotopel 
(Zhongdian), 2400 m 

CBUP-CHYSB 

Hn 

598/591 

- 

davidis buphonas 

2 

China: N Yunnan, 75Km NW of Lijang, 2000 
m 

CBUD-CHYLI 

Hn 

578/571 

- 

ihatso 

1 

China; N Yunnan, 55km N of Zhongdian, 

2450 m 

CLHA-CHYZH 

H: 

592 

- 

sudassana 

1 

NE India 

CBUD-INDIN 

H 4 

579 

- 

sudassana 

2 

India: Nagaland Naga hills 

CBUD-INDNNH 

H,, H, 

608/597 

- 

sudassana 

1 

Laos: Samneua 

CSUD-LAOSAM 

H 4 

607 

- 

sudassana 

1 

Thailand 

CSUD-TAITAI 

H. 

602 

- 

sudassana 

1 

Thailand: Wiang Papao, Chiang Rai 

CSUD-TAIRAI 

H, 

574 

- 

sudassana 

2 

N Thailand: Samoeng 

CSUD-TAISAM 

H, 

604/610 

- 

sudassana 

3 

Vietnam: Dong Van, Meo Wac district, Fla 
Glang, 1700 m 

CSUD-VNDVM 

H 7 

589/573/575 

389/380/381 

sudassana 

6 

Vietnam: Floang Lien national Park Sapa, Cat 
Cat village and Muong Floa river, 1350 m 

CSUD-VNHLK 

Hn Hs 

595/606/588 

600/585/582 

393/396/388/385 

davidis 

1 

China 

- 

Hn 

EF683684 

- 

davidis 

1 

Stratford Butterfly Farm, UK 

NW64-3 

Hn 

AY090208 

EU141406 

i actor is 

1 

China: Tianma National Nature Reserve in 
Jinzhai County, Anhui 

- 

Hn 

HQ658143 

- 

Euxanthe 

wakefieidi 

1 

- 

- 

- 

EU141357 

EU141390 

Caiigo teiamonius 

1 

- 

- 

- 

AY090209 

EU141414 

Anaea trogiodyta 

1 

- 

- 

- 

DQ338573 

EU141428 

Archaeoprepona 

demophon 

1 

- 

- 

- 

AY090220 

EU141424 

Bicycius anynana 

1 

- 

- 

- 

AY218238 

EU141374 

Meianitis ieda 

1 

- 

- 

- 

AY090207 

EU141408 

Morpho peieides 

1 

- 

- 

- 

AY090210 

EU141407 

Charaxes castor 

1 

- 

- 

- 

AY090219 

EU141422 
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We used NETWORK 5 (Bandelt et al. 1999) to cal¬ 
culate a Median Joining (MJ) network representing the 
genealogical relationships among mtDNA haplotypes 
(Fig. IB). Genetic distances were calculated in MEGA 
6 under the Kimura 2-parameter model of base substitu¬ 
tion (Tamura et al. 2013). The program JModelTest 2.1.7 
(Guindon and Gascuel 2003, Darriba et al. 2012) was 
employed to evaluate models of nucleotide substitutions. 
Only the best-fit models were subsequently used for esti¬ 
mations of tree topology. 

We used the BEAST package 1.8.3 (Drummond et al. 
2012) for Bayesian phylogeny reconstruction and diver¬ 
gence time estimation for concatenated genes. The anal¬ 
ysis was allowed to run for 50 million generations and 
the first 5000 trees were discarded as burnin. A consen¬ 
sus tree was calculated with posterior probability limit of 
0.5, maximum clade credibility tree and median heights. 
Monophyly was enforced on a) Satyrinae, b) Charaxinae, 
and c) Satyrinae + Charaxinae (Fig. 2). The tree prior 
was set to Yule Process Speciation model with a random 
starting tree. The analysis was performed using an un¬ 
correlated relaxed clock (lognormal relaxed distribution 
not selected) for both genes. Trees were visualized using 
FIGTREE 1.4 (Rambaut 2009). 

Recent phylogenetic studies calibrated with fossil data 
(Pena and Wahlberg 2008; Wahlberg et al. 2009) suggest 
that Nymphalidae began to diversify in the late Creta¬ 
ceous around 90 Mya, satyrines (Calinaginae + Satyrinae 
+ Charaxinae) around 75 Mya and Satyrinae + Charax¬ 
inae about 70 Mya. Thus, in our BEAST analyses the tree 
root was calibrated with normal distribution at 75 Mya 
(stdev 3), Satyrinae + Charaxinae at 70 Mya (stdev 3.5) 
and Charcaes + Etaanthe at 22 Mya (stdev 1) (see Fig. 2). 

Tests of demographic equilibrium and population ex¬ 
pansion in mtDNA haplogroup 

Haplotype and nucleotide diversity were calculated us¬ 
ing DnaSP 5.0 (Eibrado and Rozas 2009). Demograph¬ 
ic equilibrium was tested in each mtDNA haplogroup 
by calculating Fg(Fu 1997) and R^ (Ramos-Onsins and 
Rozas 2002) statistics, which have been shown to provide 
sensitive signals of population expansion (Ramos-Onsins 
and Rozas 2002). Arlequin 3.0 (Excoffier et al. 2005) and 
DnaSP 5.0 were used to compute and R^, respectively, 
and to test their statistical significance by simulating ran¬ 
dom samples (10,000 replicates) under the null hypoth¬ 
esis of selective neutrality and constant population size 
using coalescent algorithms (both modified from Hudson 
1990). P-values for the two statistics were obtained as the 
proportion of simulated values smaller than or equal to 
the observed values (a= 0.05). Expected mismatch dis¬ 
tributions and parameters of sudden expansion t= 2 p 
T were calculated using Arlequin 3.0 by a generalized 
least-squares approach (Schneider and Excoffier 1999), 
under models of pure demographic expansion and spatial 
expansion (Ray et al. 2003, Excoffier 2004). The prob¬ 
ability of the data under the given model was assessed 
by the goodness-of-fit test implemented in Arlequin 3.0. 


Parameter confidence limits were calculated in Arlequin 
3.0 through a parametric bootstrap (1000 simulated ran¬ 
dom samples). 

Ancestral Area Reconstruction 

Dispersal-vicariance optimization of ancestral areas im¬ 
plemented in DIVA 1.1 (Ronquist 1996) was used to infer 
the biogeographic history of the group. The distributions 
of populations were divided into five biogeographic units 
designated following Che et al. (2010) and Proche§ and 
Ramdhani (2012), as follows: A) Southwestern China 
ecozone, B) Himalaya-Tibetan plateau region, C) North¬ 
ern Sino-Himalaya, D) Southern Sino-Himalaya, E) In¬ 
dochina (Fig. 2). The least number of dispersal events 
(12) was achieved when maxareas was set to 3. 

Results 

Morphology 

The morphological study on the wing pattern of our spec¬ 
imens, based on illustrations in the most relevant litera¬ 
ture, suggested the presence of four species: C. aborica, 
C. davidis, C. lhatso and C. sudassana (Table 1). Many of 
the samples procured as C. buddha proved to be misidenti- 
fications of either C. davidis or C. sudassana. In addition, 
the samples of C. buddha (COI: EF683684, AY090208; 
RpS5: EU141406) and C. davidis (COI: HQ658143) re¬ 
trieved from GenBank were re-identified respectively as 
C. davidis and (possibly) C. lactoris (Table 1). 

Male genitalia in Calinaga were found to be very uni¬ 
form and thus genitalic characters were of little use in 
discrimination of species. Although Fang (2012) empha¬ 
sized the shape and ‘pointiness’ of the dorsal apex of the 
valve as an important character, we did not find this trait 
useful or consistent within species. All the adult and gen¬ 
italia images are available in Supplementary Material S1. 

Phylogenetic analyses and network analysis 

For COI (658 bp), 54 sequences (51 sequences analyzed 
in this study plus 3 sequences retrieved from GenBank) 
showed 23 different haplotypes (Fig. IB; Table 1) with 71 
variable sites. The 24 RpS5 sequences (483 bp) displayed 
4 haplotypes and 6 variable sites. 

Bayesian phylogeny analysis was used to reconstruct 
phylogenetic relationships (Fig. 2) for the concatenat¬ 
ed genes. The resulting tree was based on an alignment 
of 1310 bp and it was rooted using outgroup sequences 
of members of two subfamilies: Charaxinae {Charaxes 
castor, Anaea troglodyte, Archaeoprepona demophon, 
Euxanthe wakefieldi) and Satyrinae {Caligo telamonius, 
Morpho peleides, Bicyclus anynana, Melanitis leda) (Ta¬ 
ble 1). The selected model of evolution for RpS5 nuclear 
gene was GTR+G+I (Rodriguez et al. 1990) with estimat¬ 
ed base frequencies, 4 gamma categories, partitioned into 
positions (l+2),3 and for COI was HKY (Hasegawa et al. 
1985) with estimated base frequencies, no heterogeneity 
model and not partitioned. 
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Figure 2. Bayesian phylogeny of Calinaga estimated in BEAST using concatenated data. Purple squares are calibration points (root: 75 
± 3; Satyrinae + Charaxinae 70 ± 3.5, Charaxes + Euxanthe 22 ± 1). Monophyly was enforced on nodes marked with orange squares. 
The inset map shows the biogeographic regions used in DIVA analysis; A) Southwestern China ecozone, B) Himalaya-Tibetan plateau 
region, C) Northern Sino-Himalaya, D) Southern Sino-Himalaya, E) Indochina. Colored dots correspond to haplogroups on the tree. 


The Bayesian tree for concatenated genes resulted in 
a well-supported Calinaga clade (Fig. 2). Beside distinct 
lineages for C. lhatso (N= 1) and C. aborica (N= 2), two 
major clades were observed. The first clade, consisting of 
specimens identified as C. buddha (N= 20), C. davidis (N= 
6) and C. buphonas (N= 2), was called Haplogroup A ''da¬ 
vidis'’'’ because all samples were re-identified as C. davidis 


(Table 1). The latter also included two GenBank sequenc¬ 
es for C. buddha (COI: EF683684, AY090208; RpS5: 
EU141406). Examination of the voucher images for these 
sequences showed that these also were indeed C. davidis 
(Min et al. 2008; Pena and Malm 2012). The second clade, 
consisted of specimens initially identified as C. sudassana 
(N= 14), C. buddha (N= 5) and C. lhatso (N= 1) and it was 
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called Haplogroup B ''sudassand' because all samples 
were subsequently re-identified as C. sudassana (Table 1). 

The MJ network analysis (Fig. l.B) of the mtDNA 
haplotypes was fully consistent with our Bayesian phylo¬ 
genetic analysis. Forty-five mutational steps joined Hap¬ 
logroup A '"davidis’' (including all C. davidis sequences; 
Fig. IB) and Haplogroup B ''sudassana’' (including all 
C. sudassana sequences with C. lhatso sequenees CL- 
HA-CHSFTl). The genetic differentiation between the 
two haplogroups, estimated as the mean distance (Kimura 
2 parameter uncorrected p-distance) between groups, was 
10.3%. The analysis also highlighted a star-like config¬ 
uration of Haplogroup A "davidis" with the H^^ haplo- 
type shared among Yunnan populations localized in the 
headwater area for the three major rivers flowing from 
Tibet (Salween, Mekong and Yangtse; Fig. lA, Fig. 2). 
In this geographical area Callinga displays its highest 
genetic variability, and Haplogroup A "davidis" and B 
"sudassana" coexist (Fig. 2). Thirty-four and thirty-three 
mutational steps joined C. aborica with Haplogroup A 
and B respeetively. In addition, in Haplogroup A "da¬ 
vidis", a GenBank sequence for C. davidis (HQ658143) 
from Tianma National Nature Reserve in Jinzhai County, 
Anhui, China (Xia and Hao 2011), possibly representing 
the taxon C. lactoris Fruhstorfer 1908, was divergent 
(Fig. IB). Finally, in the Haplogroup B "sudassana", 
the single specimen CLHA-CHSFTl from Tsinling Mts, 
Foping nature reserve in Shaanxi, initially identified as C. 
lhatso based on morphological similarity, showed identi¬ 
cal COI and RpS5 sequences to C. sudassana. Extraction 
and amplification of this sample was conducted twiee in 
two different laboratories and generated the same results. 
Eleven mutational steps (Fig. IB) separated the DNA bar¬ 
code sequence of this individual from the other C. lhat¬ 
so from Yunnan (CEHA-CHYZHl) despite their similar 
wing patterns. 

Tests of demographic equilibrium and estimation of 
divergence times 

According to Fs and R^ statistics, calculated for Hap¬ 
logroup A "davidis" (N= 20) and Haplogroup B "sudas¬ 
sana" (N= 30) mtDNA sequence sets (Table 2), the null 
hypothesis of eonstant population size could be rejected 
for these two phylogeographie units (bold in Table 2). 
Mismatch distribution of these groups was examined ac¬ 
cording to sudden expansion model (Table 2), and good¬ 
ness of fit tests did not show significant deviations from 
expeeted distributions, so that parameter t= 2pt could be 


used to estimate the time (t) elapsed from population ex¬ 
pansion: estimated values of x and their 5% and 95% con¬ 
fidence limits are shown in Table 2. According to Brower 
(1994) proposed mutation rates in Eepidoptera (|i= 0.01 
substitutions/site/lineage/Ma), demographic expansion of 
the Haplogroup B "sudassana" could be traced back to t= 
260 kya (126-403 kya). A similar estimate was obtained 
for Haplogroup A "davidis" t= 168 kya (70-362 kya). 

The most reeent eommon ancestor of Calinaga has 
been estimated to have split from Satyrinae + Charaxinae 
sometime between 67-84 Mya (Wahlberg et al. 2009). 
Results of our BEAST analysis reveal that the first major 
split within Calinaga occurred in the Eocene, around 43 
Mya (63-25 Mya) (Fig. 2). The time of the most recent 
ancestor (tMRCA) of C. aborica + "davidis group” was 
estimated to have oeeurred in the Oligocene ~30 Mya 
(47-17 Ma), whereas it was ~21 Mya (38-8 Ma) for C. 
lhatso + "sudassana group”. Finally, the tMRCA for both 
davidis and sudassana groups was estimated at ~12 Mya 
(24-4 Ma). 

Biogeographic ancestral reconstructions 

Results of the ancestral area reconstructions showed that 
the eommon ancestor of Calinaga probably oeeurred 
before ~43 Mya in area ADE (Fig. 2), eorresponding to 
Southwestern China ecozone. Southern Sino-Himalaya 
and Indochina. Before ~30 Mya this also represented the 
aneestral area for clade C. aborica + Haplogroup A "da¬ 
vidis". Subsequently in the Miocene before ~15 Mya, in 
a more restricted area ranging between the Southwestern 
China ecozone and Southern Sino-Himalaya (AD), the 
common ancestor of Haplogroup A "davidis" was pres¬ 
ent with subsequent dispersal (in the late Miocene and 
Pleistocene) into the Himalaya-Tibetan Plateau region. 
The common ancestor of clade C. lhatso + Haplogroup B 
"sudassana" eolonized the Southern Sino-Himalaya and 
Indochina (AE) before ~20 Mya. Finally, before ~10 Mya 
Indochina (E) represented the ancestral area of the Hap¬ 
logroup B "sudassana". 

Discussion 

Taxonomic implications 

Despite six species initially identified (Fig. 1, Table 1), 
our molecular results identified only four main groups 
(C. aborica, C. sudassana, C. davidis and C. lhatso). 
These were also eonsistent with subsequent eareful mor- 


Table 2. N, number of mtDNA sequences; H, number of unique mtDNA haplotypes; h, mtDNA haplotype diversity (±SD); n, 
mtDNA nucleotide diversity (±SD). Tests of demographic equilibrium and mismatch analysis in mtDNA phylogeographie groups: 
FS, Fu’s FS statistic; R^, Rozas and Ramon-Onsins’ R^ statistic; x, sudden demographic expansion parameter, with 5% and 95% 
confidence limits; t, true time since population expansion, from x = 2 g T (where g is the substitution rate per gene). Significantly 
small values of F^ and R^ are in bold. 


Haplogroup 

N 

H 

h 

n (X lOD 

Fs 

R 2 

T 

T (5%) 

T (95%) 

t(ka) 

t (5%) 

t (95%) 

A 

30 

13 

0.885±0.042 

0.459±0.575 

-4.203 

0.121 

3.867 

1.918 

6.104 

260 

126 

403 

B 

20 

7 

0.8±0.068 

0.288±0.3 

-1.369 

0.143 

2.537 

1.061 

5.498 

168 

70 

363 
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phological identifications (Fig. 2, Table 1). This is quite 
reflective of the persistent confusion about the taxonomic 
status and number of species within Calinaga. Histori¬ 
cally, various authors have recognized different numbers 
and sets of valid Calinaga species, from one (Ehrlich 
1958b) or three (Fruhstorfer 1914) to seven (D’Abrera 
1985, 1993, Beccaloni et al. 2003), ten (Savela 2015) or 
eleven species (Sondhi et al. 2016). Many of the samples 
we procured as C. buddha proved to be misidentifications 
of either C. davidis or C. sudassana. K\hoxovLg\\ examina¬ 
tion of the type material of all the names under Calinaga 
is required to clarify whether some of these names should 
be synonymized. Within our examined specimens we 
found that C. lhatso and C. aborica were morphological¬ 
ly and genetically distinct entities. However, the identity 
of the specimen identified as C. lhatso (CLHA-CHSFTl), 
sharing its haplotype with C. sudassana, remains unclear. 
Many of the specimens initially identified to sub-species 
under C. davidis showed little or no genetic differentia¬ 
tion (e.g. C. davidis nubilosa, C. davidis genestieri, C. 
davidis cercyon, C. davidis buphonas etc.). 

Historical biogeography 

The question of where and when Calinaga originated and 
how its species are related have not been previously in¬ 
vestigated. Although no fossils are known for the genus, 
previous phylogenetic studies on Nymphalidae that have 
used fossils for molecular calibration have dated the last 
common ancestor of Calinaga + (Satyrinae + Charax- 
inae) at 67-84 Mya (Pena and Wahlberg 2008; Wahlberg 
et al. 2009). Since these studies used only a single Calin¬ 
aga species, the age of the crown group of Calinaga and 
divergences within the genus have remained unknown. 
Our results show that the first split in Calinaga occurred 
in Eocene at around 43 Mya (Fig. 2). The large gap be¬ 
tween this date and the age of the most recent common 
ancestor of Calinaga and Satyrinae + Charaxinae (67-84 
Mya) suggests diversification after the Cretaceous/Tertia¬ 
ry boundary with subsequent extinction of sister lineages 
(Ree and Smith 2008). The initial collision between India 
and Asia in the early Cenozoic (50-55 Ma) set in motion 
major orogenic associated environmental changes that 
continued through the Oligocene, Miocene and into mod¬ 
ern times which were likely a major driving force in evo¬ 
lution of Calinaga, and numerous other plant (e.g. Eiu et 
al. 2002, Mao et al. 2010) and animal lineages (e.g. Riiber 
et al. 2004, Zhang et al. 2006, Nazari et al. 2007, Che et 
al. 2010, Zhao et al. 2015) found in the Himalayan-Ti- 
betan Plateau. In fact, the evolutionary history of organ¬ 
isms in this region helps elucidate parallel geological and 
climatic developments, and often aids the recognition of 
unrecorded geological events. 

Our results suggest that the common ancestor of Cali¬ 
naga probably occurred before ~43 Mya (63-25 Mya) in 
the region now corresponding to the Southwestern China 
ecozone. Southern Sino-Himalaya and Indochina (ADE: 
Fig. 2). Since the Indochinese peninsula did not exist be¬ 
fore ~22 Mya (Eeloup et al. 2001), the ancestral distribu¬ 


tion of Calinaga was likely confined to the Southwestern 
China ecozone (D) and Southern Sino-Himalaya (A). 
Since its center of genetic diversity seems to lie on the 
south-eastern border of the Tibetan Plateau, in particular 
where the three major rivers sourced in Tibet (Salween, 
Mekong and Yangtse rivers; Fig. 1 A, Fig. 2) are in prox¬ 
imity, Calinaga may well have originated in the Tibetan 
region. Geological records indicate that around the Oligo- 
cene/Miocene boundary (~23 Mya), the rapid extrusion 
of Indochina and the cumulative Cenozoic deformation 
of South-East Asia caused by underthrusting of the In¬ 
dian Plate beneath the Eurasian Plate, resulted in intense 
orogeny in South-East Tibet (Zhang et al. 2013). In par¬ 
ticular in the Early Miocene (~20 Mya), driven by rapid 
deformation of the eastern Himalayan syntaxis (Robinson 
et al. 2014), large modifications were induced in the river 
systems of this region (e.g. Salween, Mekong, Yangtze 
and Yarlung Tsangpo-Irrawaddy river: Zhang and Hu 
2012). These geological upheavals have likely provided 
ample opportunities for allopatric isolation and subse¬ 
quent speciation in Calinaga. 

Our molecular dating suggests that C. lhatso and Hap- 
logroup B ‘’'sudassana’’’ split into distinct lineages in Early 
Miocene ~21 Mya (38-8 Mya), possibly isolating the last 
common ancestor of C. lhatso in the Southern Sino-Hi¬ 
malaya (A). Southern Sino-Himalaya and Indochina (AE) 
possibly represented the ancestral area for C. lhatso + Hap- 
logroup B "sudassana”. Considering that before ~22 Mya 
the Indochinese peninsula did not exist, it is more likely 
that the ancestral area of this clade was mainly in Southern 
Sino-Himalaya (A). The common ancestor of Haplogroup 
B "sudassana” began diversifying around ~12 Mya (24-4 
Mya) and it probably expanded its range from Southern 
Sino-Himalayan region (A) to Indochina peninsula (E). 
Conversely, the origin of C. aborica + Haplogroup A "da¬ 
vidis” must be traced back to Oligocene (~30 Mya), when 
the first uplift of the Himalayan-Tibetan Plateau occurred 
(29 - 65 Mya: Zhao et al, 2015). Afterwards, in Miocene 
~12 Mya (21-4 Mya), YidyAogxovy)K"davidis” diversified 
and expanded its range into Central-East China. 

In addition, our analyses show that Haplogroup A "da¬ 
vidis” and Haplogroup B "sudassana” experienced demo¬ 
graphic expansion in the Pleistocene, -168 kya (70-363 
kya) and -260 ka (16-403 kya) respectively. Therefore, the 
genetic diversity and the present-day distributions of Cali¬ 
naga should be attributed not only to the dramatic geolog¬ 
ical events in Oligocene/Miocene, but also to the impacts 
of the cycles of glacial advance/retreat that occurred in this 
region during the Pleistocene (Quan et al. 2014). 

Finally, the taxon C. formosana, for which we exam¬ 
ined several specimens but could not obtain any sequenc¬ 
es (Supplementary Material SI), is morphologically al¬ 
lied to the Haplogroup A "davidis”. Since Taiwan formed 
-4-5 Mya at a complex convergent boundary between the 
Philippine Sea Plate and the Eurasian Plate (“The Penglai 
Orogeny”: Teng 1990, Eiu et al. 2000), the most plausible 
hypothesis is that C. formosana must have dispersed from 
mainland China to Taiwan recently in Pleistocene. 
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Conclusion 

The genus Calinaga probably originated in the South- 
East Tibet in Eocene following the immense geological 
and environmental impact caused by the collision be¬ 
tween Indian and Asian subcontinents. The extrusion 
of Indochina from the continent during the Oligocene/ 
Miocene further prompted dramatic orogenetic changes 
that promoted isolation and speciation events in the ge¬ 
nus. More recently, in the Pleistocene, climatic changes 
further modified the distribution of species and probably 
facilitated vicariant speciation events. 

Since we did not sample or sequence specimens from 
all of the available names under Calinaga, we cannot 
make any definitive statements about the number of valid 
species warranted to be recognized as such, although the 
existence of many superfluous names is evident. From the 
names of the genus and the species coined by early British 
lepidopterists including F. Moore, it is apparent that they 
drew inspiration from Hindu mythological characters. In 
Sanskrit, Naga refers to mythical reptilian creatures found 
in Indian religions (Hinduism, Buddhism and Janism) who 
were often worshipped as deities. Among them, “Kaliya” 
(or Kalya, “Kalia-Naga”, Calinaga) was a particularly no¬ 
torious and poisonous one living in Yamuna river in Vrin- 
davan (Uttar Pradesh). After an encounter with Krishna, 
Kaliya surrendered and was sent to exile (Bhagavata Pa¬ 
rana, 16:10). It seems that the modem taxonomy of Cali¬ 
naga is in need of a Krishna to conquer these superfluous 
names and cleanse its taxonomy albeit after careful exam¬ 
ination of the types and sequencing of additional material. 
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Abstract 

Moenkhausia currently comprises 90 valid species and represents one of the very spe¬ 
cies-rich genera in Characidae. Most of these species need to be revised since their orig¬ 
inal descriptions are out-of-date and are uninformative. In this sense, Moenkhausia meg¬ 
alops is redescribed based on the examination of the holotype and additional specimens 
from drainages of the Amazon basin and the type locality. The species is distinguished 
from its congeners by the combination of the following characters: a conspicuous boot¬ 
shaped humeral spot, ventrally curved to anterior region of the body, followed by a sec¬ 
ond inconspicuous vertically elongated humeral spot; a dark longitudinal midlateral stripe 
on body extending from immediately posterior to the second humeral spot to the middle 
caudal-fin rays; a dark blotch on the upper caudal-fin lobe; and teeth with seven cusps on 
inner series of premaxilla and dentary. 

Resumo 

Moenkhausia compreende atualmente 90 especies validas e representa um dos generos 
mais ricos em especies em Characidae. A maioria dessas especies precisa ser revisada, por 
que as suas descriqoes originais estao defasadas e sao pouco informativas. Neste sentido, 
Moenkhausia megalops e redescrita com base no exame do holotipo e de exemplares adi- 
cionais provenientes de drenagens da bacia Amazonica. A especie e diferenciada das suas 
congeneres pela combinaqao dos seguintes caracteres: uma mancha umeral conspicua, 
em formato de bota, ventralmente curvada em direqao a regiao anterior do corpo, seguida 
por uma segunda mancha umeral inconspicua, verticalmente alongada; uma faixa escu- 
ra longitudinal medio-lateral se estendendo imediatamente posterior a segunda mancha 
umeral aos raios medianos da nadadeira caudal; uma mancha escura no lobo superior da 
nadadeira caudal; e dentes com sete cuspides na serie interna do pre-maxilar e dentario. 


Introduction 

Moenkhausia (Eigenmann, 1903) represents one of the 
very species-rich genera in Characidae, currently com¬ 
prising 90 valid species (Eschmeyer et al. 2017). The ge¬ 
nus is widely distributed in the Neotropical cis-Andean 
river basins, notably occurring in the Amazon basin (e.g.. 


Sousa et al. 2010, Petrolli and Benine 2015, Oliveira 
and Marinho 2016, Azevedo-Santos and Benine 2016). 
Moenkhausia species are characterized by a wide vari¬ 
ation in shape and color patterns (Carvalho et al. 2014), 
and some of them are very appreciated as ornamental fish. 

The phylogenetic relationships of the genus are still 
poorly understood, and Moenkhausia has been depicted as 
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a polyphyletic group (Mirande 2010, Oliveira et al. 2011, 
Mariguela et al. 2013). Nevertheless, Moenkhausia is still 
diagnosed by the same combination of characters as pro¬ 
posed by Eigenmann (1917): premaxillary teeth in two 
series, with five multicuspid teeth in the inner series; cau¬ 
dal-fin covered by small scales; and complete lateral line. 

Eigenmann, in Eigenmann and Ogle (1907) (hereafter 
Eigenmann, 1907), proposed the name Astyanax meg¬ 
alops based on a single specimen from Itaituba, Para, 
Brazil. Eater, Eigenmann (1910) listed the species in the 
genus Moenkhausia and expanded its geographical distri¬ 
bution from Gurupa to Itaituba, and Guyana. 

The short and uninformative original description of 
Astyanax megalops Eigenmann (1907) allied to the poor 
condition of its preserved holotype has hindered a sat¬ 
isfactory understanding and definition of the species, 
currently valid as Moenkhausia megalops. The more 
detailed redescription provided by Eigenmann (1917) is 
still general and with no definitive diagnostic character 
or even a workable character combination. These inef¬ 
fective descriptions allied to Gary’s (1977) popular and 
straightforward identification key are possibly leading 
to inconsistent identifications throughout fish collections 
and inventorial publications (e.g., Mojica et al. 2005, 
Castellanos and Sanchez-Duarte 2007, and Eima et al. 
2013). Gery and Zarske (2004: 42), in a brief discussion, 
stated that this is “a rare species” from the rio Tapajos 
basin and Guyana, and did not provide new features for 
its identification. Recently, Oliveira and Marinho (2016) 
did shed some light on the identity of M. megalops when 
distinguishing it from their new species, Moenkhausia 
abyss, by the shape of the humeral mark and by the pig¬ 
mentation of the longitudinal midlateral stripe. 

During an extensive analysis of lots of Moenkhausia 
deposited in the fish collection of the INPA (Institute Na- 
cional de Pesquisas da Amazonia), we recognize speci¬ 
mens of Moenkhausia megalops identified with different 
names, and here these are properly re-identified. Thus, we 
herein present a redescription of M. megalops, based on 
the examination of the holotype and additional material, 
including topotypes, and discuss our arguments concern¬ 
ing its taxonomic definition. 

Material and methods 

Counts and measurements were taken as described by 
Fink and Weitzman (1974) and Benine et al. (2015) on 
the left side of specimens whenever possible using a dig¬ 
ital caliper with precision of 0.01 mm. Measurements are 
given as percents of standard length (SE), except subunits 
of the head, which are given as percents of head length 
(HE). Vertebral, supraneurals and procurrent caudal-fin 
ray counts were taken from cleared and stained specimens 
(c&s) prepared following Taylor and Van Dyke (1985). 
Vertebral counts include Weberian apparatus, counted as 
four elements, and the fused PUl+Ul of the caudal re¬ 
gion counted as a single vertebral element. The gill-raker 


at the junction of the ceratobranchial and the epibranchi- 
al is included in the counting of gill-rakers of the lower 
limb. Scanning electron micrography (SEM) of teeth and 
jaws was taken from cleared and stained dissected speci¬ 
mens. The specimens were sexed by the visual examina¬ 
tion of their gonads under a stereomicroscope since no 
externally dimorphic feature was observed. Counts and 
measurements from examined material were given when¬ 
ever possible. In the description, counts are followed by 
the number of specimens examined in parentheses; aster¬ 
isk indicates the counts of the holotype; unbranched rays 
are presented in lower-case Roman numerals. In the ex¬ 
amined material account, the total number of specimens 
of each lot is listed first, followed by the number of ana¬ 
lyzed specimens in parentheses (when different from to¬ 
tal number of the lot), and then by those c&s. Specimens 
examined are deposited in the CAS, California Academy 
of Sciences, San Francisco; INPA, Instituto Nacional de 
Pesquisas da Amazonia, Manaus; and GEA, Eaboratorio 
de Ictiologia do Grupo de Ecologia Aquatica, Universi- 
dade Federal do Para, Belem. 

Results 

Moenkhausia megalops (Eigenmann, 1907) 

Figs 1-4 

Astyanax megalops Eigenmann in Eigenmann and Ogle 1907; 29 (type 
locality; Itaituba, Brazil). 

Moenkhausia megalops'. Eigenmann 1910, 3; 438, [in part], Eigenmann 
1917, 1; 65; 68; 91-92 [in part, identification key and a short rede¬ 
scription of the species], Fowler 1948; 152-153 [list], Gery 1977; 
446 [identification key]; ?Ferreira 1993; 69 [list], Maldonado-Oc- 
ampo 2001; 65 [list], Eima et al. 2003; 148 [list], ?Arbelaez et al. 
2004; 102 [list; new record], ?Camargo et al. 2004; 134 [list], Gery 
and Zarske 2004; 42 [compared to M. xinguensis', placed in M. 
xinguensis group; identification key], ?Easso et al. 2004; 115 [list], 
?Ferreira et al. 2007; 180 [list], ?Maldonado-Ocampo et al. 2008; 
171 [list], ?Hercos et al. 2009; 48 [list], ?Miller-Hurtado et al. 2009; 
167 [list; new record], ?Ferreira et al. 2011; 280 [list], Easso and 
Sanchez-Duarte 2011; 473 [literature compilation], ?Gonzales et al. 
2012; 46 [list; new record for Caura basin], Souza et al. 2012; 34 
[list], Alvarez-Eeon et al. 2013; 106 [list], ?Duarte et al. 2013; 385 
[list].-Oliveira and Marinho 2016; 566-571 [compared to M. abyssl^. 
Petrolli et al. 2016; 168 [compared to M. venerei]. Marinho and Ean- 
geani2016; 2-3; 10-11 [compared to M /e/7/(iMra]. Azevedo-Santos 
and Benine 2016; 208 [compared to M. britskii]. 

Diagnosis. Moenkhausia megalops differs from its con¬ 
geners, except M. abyss, M. celibela, M. gracilima, M. 
hasemani, M. hysterosticta, M. icae, M. inrai, M. lata, M. 
lepidura, M. loweae, M. mikia, by the presence of a dark 
blotch on the upper caudal-fin lobe. It is readily distin¬ 
guished from the aforementioned species by the peculiar 
conspicuous boot-shaped humeral spot, ventrally curved 
frontward, followed by a second inconspicuous vertical¬ 
ly elongated humeral spot iys. humeral spot absent in M. 
celibela and M. loweae, one conspicuous, oval, vertically 
elongated, humeral followed by a second inconspicuous 
spot in M. inrai, a very small humeral spot in M. gra¬ 
cilima, M. hasemani, M. icae, and M. lepidura, one dis- 
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Figure 1. Moenkhausia megalops, holotype, CAS 71433, 40.6 mm SL, Brazil, Para State, Itaituba, rio Tapajos basin. Figure mod¬ 
ified from CAS, all rights reserved. 



placed, irregular, and vertically elongated humeral spot 
in M. hysterosticta; a single inconspicuous, thinner, verti¬ 
cally elongated humeral spot in M. abyss, a conspicuous 
vertically elongated, humeral spot, with the upper and 
lower edges turn frontward in M. lata, a rounded humeral 
spot in M. mikia). 

Description. Morphometric data presented in Table 1. 
Overall body deep and slightly elongated. Body com¬ 
pressed, greatest body depth anterior to dorsal-fin origin. 
Dorsal profile of head slightly concave. Dorsal profile of 
body slightly convex from tip of supraoccipital spine to 
dorsal fin origin. Dorsal fin straight along its base, straight 
to slightly convex from posterior end of dorsal-fin base to 
adipose-fin origin, and slightly concave along caudal pe¬ 
duncle. Ventral profile of body convex from anterior tip 
of lower jaw to pelvic fin, slightly straight from pelvic-fin 
origin to anal-fin origin, straight and posterodorsally 
slanted along anal-fin base and slightly concave along 
caudal peduncle. 

Eyes large. Snout rounded. Mouth at horizontal 
through middle of eye. Premaxillary teeth in two teeth 
series; outer row with 3(1), 4* (14), 5(39) or 6(7) tricus¬ 
pid teeth with central cusp slightly longer; inner row with 
5*(55) or 6(6) teeth with seven cusps, gradually decreas¬ 
ing in size. Maxillary with 1(2), 2(21), 3*(31) or 4(7) tri- 
to pentacuspidate teeth, with central cusp longer. Dentary 


with 3(1), 4* (56) or 5(2) anteriormost teeth larger, with 
seven cusps, followed by a medium sized tooth with three 
cusps, and 5(5), 6(5), 7(7), 8(12), 9(12), 10(11) or 11(6) 
smaller conical teeth (Fig. 3). 

Dorsal-fin rays ii(60) 8(1) or 9*(59). Dorsal-fin ori¬ 
gin slightly anterior to middle of body. First unbranched 
ray approximately one-half length of second unbranched 
ray. Adipose fin present. Pectoral-fin rays i(61), 11(6), 
12*(29), 13(24) or 14(2); tip of adducted longest ray gen¬ 
erally not reaching vertical through pelvic-fin origin. Pel¬ 
vic-fin rays i(58), 6(2), 7*(55) or 8(1). Pelvic-fin origin 
slightly anterior to vertical through dorsal-fin origin; tip 
of adducted longest ray generally not reaching vertical 
through anal-fin origin. Anal-fin rays iii(34) or iv(19), 
25(5), 26*(23), 27(19), 28(6) or 29(1). Anal-fin origin 
approximately to vertical through of last branched ray of 
dorsal fin. Caudal fin forked, lobes similar in size. Prin¬ 
cipal caudal-fin rays i(46) 9*(46) + 7(1) or 8*(45) i(46). 
Dorsal procurrent caudal-fin rays 13(6) and ventral pro¬ 
current caudal-fin rays 10(3) or 11(3). 

Scales cycloid, relatively large. Lateral line complete, 
slightly curved anteriorly, with 34*(13), 35(26) or 36(19) 
perforated scales. Longitudinal scale rows between dor¬ 
sal-fin origin and lateral line 5*(59) or 6(2); longitudi¬ 
nal scale rows between lateral line and pelvic-fin origin 
4*(47) or 5(14). Predorsal region with 7(2), 8(24) or 
9(23) scales in regular series; three specimens presented 
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Table 1. Morphometric data of Moenkhausia megalops (n = 64, holotype CAS 71433). Data of topotypes and non-topotypes are 
given separately. Range does not include holotype. 



holotype 

non-type specimens (topotypes) 

non-type specimens (non-topotypes) 


n 

range 

mean 

n 

range 

mean 

Standard length (mm) 

40.6 

4 

58.7-65.1 

62.8 

59 

31.6-69.9 

49.5 

Head length (mm) 

11.5 

4 

16.4-17.7 

17.0 

59 

9.5-18.4 

13.9 


Percentages of standard length 


Head length 

28.2 

4 

26.5-27.9 

27.1 

59 

25.2-30.9 

28.3 

Dorsal-fin length 

26.2 

4 

28.7-30.8 

29.9 

57 

27.4-33.2 

30.3 

Dorsal-fin base 

- 

4 

13.9-15.4 

14.6 

59 

13.2-16.2 

15.0 

Pectoral-fin length 

22.2 

4 

21.5-23.5 

22.4 

59 

20.4-24.8 

22.9 

Pelvic-fin length 

14.1 

4 

16.7-17.6 

17.2 

59 

13.2-19.7 

17.1 

Anal-fin length 

13.0 

4 

15.9-17.2 

16.4 

59 

11.8-19.8 

17.1 

Anal-fin base 

- 

4 

31.5-33.3 

32.3 

59 

30.8-36.4 

33.8 

Depth at dorsal-fin origin 

42.5 

4 

38.6-43.0 

40.4 

59 

37.1-47.1 

41.9 

Head depth 

32.9 

4 

29.9-32.4 

31.2 

59 

30.8-37.2 

33.5 

Caudal peduncle depth 

10.6 

4 

9.7-10.4 

10.0 

59 

9.0-11.6 

10.5 

Eye to dorsal-fin origin 

32.5 

4 

32.0-33.4 

32.7 

59 

30.9-35.5 

33.1 

Snout to dorsal-fin origin 

48.9 

4 

46.3-48.3 

47.4 

59 

46.8-52.4 

49.3 

Snout to pectoral-fin origin 

30.1 

4 

26.8-28.3 

27.8 

59 

25.1-31.1 

28.5 

Snout to pelvic-fin origin 

51.2 

4 

47.1-50.0 

48.4 

57 

47.0-52.4 

48.9 

Snout to anal-fin origin 

68.8 

4 

63.6-66.9 

65.6 

59 

61.1-69.3 

64.8 


Percentages of head length 


Snout length 

17.5 

4 

15.6-19.8 

17.4 

59 

14.7-22.9 

18.9 

Upper ja\A/ length 

44.2 

4 

40.5-42.7 

41.8 

59 

39.3-45.3 

42.3 

Horizontal eye diameter 

48.7 

4 

43.0-46.7 

45.0 

59 

42.6-50.8 

47.3 

Least interorbital \A/idth 

32.7 

4 

35.2-36.9 

35.8 

59 

30.9-39.3 

34.2 



Figure 3. Scanning electronic micrography of dentition of 
Moenkhausia megalops, ESiPA 40617, 43.2 mm SL, left inter¬ 
nal lateral view of premaxilla, maxilla and dentary bones. Scale 
bar: 300pm. 

irregular series of scales. Circumpeduncular scales 12(5), 
13(10) or 14(40). One row of small scales overlying al¬ 
most the entire length of anal-fin base. Small scales cov¬ 
ering two-thirds of base of caudal-fin lobes. 

Supraneurals 4*(5) or 5(1) with lateral bony lamellae. 
Precaudal vertebrae 13*(3) or 14(4); caudal vertebrae 


20*(6) or 21(1); total vertebrae 33*(3), 34(3) or 35(1). 
First gill-arch with 8(45), 9(19) or 10(1) gill-rakers on 
upper limb and 13(12), 14(29) or 15(24) gill-rakers on 
lower limb. 

Color in alcohol. General ground color pale yellow. 
Body dorsal surface with dark chromatophores from tip 
of snout to caudal peduncle, resulting in a dark dorsal 
stripe on the dorsum. Dorsolateral portion of head and 
body with scattered dark chromatophores. Two vertically 
elongated humeral spots; the first humeral spot very con¬ 
spicuous, boot-shaped, located over third to fourth lateral 
line scales and extending over two horizontal series of 
scales above lateral line; the second humeral spot, less 
conspicuous, located over seventh to eighth lateral line 
scales and extending over two horizontal series of scales 
above lateral line. Broad band from the second humer¬ 
al spot to middle caudal-fin rays, covering two series of 
scales above lateral line. Abdominal region almost de¬ 
void of chromatophores. Dorsal fin with scattered dark 
chromatophores. Adipose fin with scattered dark chro¬ 
matophores sometimes concentrated on the edge of the 
fin. Pectoral and pelvic fin hyaline. Anal fin with a dark 
band in the mid-basal region, not reaching tip of the rays. 
Posterior margin of upper caudal-fin lobe with a dark 
blotch, reaching tip of middle caudal-fin rays or, some¬ 
times, reaching the lower caudal-fin lobe. 

Color in life. Overall body color silvery on flanks. Dor¬ 
sal and lateral surface of head, dorsolateral portions of 
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Figure 4. Moenkhausia megalops, GEA 2127, 61.4 mm SL, live specimen, Brazil, Para State, rio Aura, tributary of rio Guama 
basin, Utinga State Park, Agua Preta lake. Photo by M. Andrade. 


body yellowish. Ventral surface of head, and ventrolateral 
portion of body covered with guanine. Anterior portion 
of maxilla and dentary, and top of head with small dark 
chromatophores. Few dark chromatophores on opercle. 
Scales on dorsal portion of body bordered by dark chro¬ 
matophores, forming like reticulate pattern. Longitudinal 
midlateral band covered with guanine. Humeral region 
with two vertically elongate humeral spot, anterior spot 
more conspicuous and boot-shaped. Posterior humeral 
less conspicuous and vertically elongate. All fins hyaline 
with some scattered chromatophores. Caudal fin yellow¬ 
ish on base (Fig. 4). 

Sexual dimorphism. None of the adult specimens ex¬ 
amined had hooks on fins or any other apparent sexually 
dimorphic features. 

Geographic distribution. Moenkhausia megalops is 
widespread in the Amazon basin. In Brazil, the species is 
known from rio Japura, Demeni (tributary of rio Negro), 
Branco, Takutu, Mapuera, Cachorro, Jari, and Trombe- 
tas, left margin of rio Amazonas basin; and rio Jamari, 
Curua-Una, Tapajos, Teles Fires, Xingu, Tocantins, Ara- 
guaia, and Aura, right margin of rio Amazonas basin. 
Moenkhausia megalops also occurs in the rio Ventuari 
and Orinoco, Venezuela. The map shows the localities of 
the material examined in the present study (Fig. 5). 

Material examined. Moenkhausia megalops. Holo- 
type: CAS 71433, 40.6 mm SL, Brazil, Para State, Itai- 
tuba, rio Tapajos basin. Non-type specimens. Brazil. 
Amazonas State, rio Japura: INPA 48895, 6, 41.5-52.3 
mm SL, Japura, in front of the Taboca community, right 
margin, 2°12’34.72”S 69°14’0L11”W, 09 Sep 2014, RA 
Collins; INPA 48928, 1, 45.4 mm SL, Japura, in front 
of the port of the city, 2°28’12.22”S 67°40’09.44”W, 28 
Aug 2014, IM Soares, PM Ito, R Collins & Astrogildo. 
Mato Grosso State, rio Teles Pires, tributary of rio Tapa¬ 


jos basin: INPA 48893, 4, 51.6-58.7 mm SL, Paranaita, 
10°0L2L38”S 57°05’12.78”W, 24 Feb 2013, Solange, 
Reginaldo & Rosalvo. Para State, rio Aura, tributary of 
rio Guama basin: GEA 2127, 5, 51.0-61.4 mm SL, Be¬ 
lem, Utinga State Park, Agua Preta lake, 1°25’25.7”S 
48°25’09.3”W, 10 Jul 2013, MC Andrade et al.; GEA 
2128 1, 64.7 mm SE, Belem, Utinga State Park, Bolo- 
nha lake, 1°24’59.3”S 48°25’48.1”W, 8 Jul 2013, MC 
Andrade et al. Para State, rio Curua-Una, tributary of 
rio Amazonas basin: INPA 40963, 5, 63.3-69.9 mm SE, 
Santarem, 02°49’1L3”S 54U8’12.8”W, Nov 1982, EG 
Ferreira. Para State, rio Jari basin: MZUSP 102044, 2, 
38.1^0.7 mm SE, Monte Dourado, right margin of rio 
Iratapum, in front of Iratapum village, upstram to Santo 
Antonio waterfall, 0°34’3”S 52°34’41”W, 11 Oct 2007, 
M Carvalho, A Akama, C Oliveira & F Marques. Para 
State, rio Tapajos: INPA 6885, 4, 58.7-65.1 mm SE, 
Itaituba, below mouth of the rio Jamanxim, 04°33’41”S 
56°15’50”W, 23 Oct 1991, E Rapp Py-Daniel & J Zuanon. 
Para State, rio Tocantins: INPA 48894, 3, 61.8-68.7 mm 
SE, Capuerana, 04"42’3L06”S 49°25’53.09”W, 10 Nov 
1981, Equipe de Ictiologia do INPA. Para State, rio Trom- 
betas basin: INPA 3235, 1, 46.62 mm SE, Oriximina, Ca- 
choeira Porteira, 0r04’47”S 57°03’16”W, 16 Apr 1985, 
EG Ferreira & M Jegu; INPA 3365, 4, 51.4-58.7 mm 
SE, Oriximina, llha Trava, 0°58’53.4”S 57°0L47.8”W, 
28 Apr 1988, EG Ferreira; INPA 5727, 3, 53.0-55.4 mm 
SE, Oriximina, rio Mapuera, tributary of rio Trombetas, 
01°05’27.5”S 57°04’19.9”W, 26 May 1988, EG Ferreira; 
INPA 12160, 6, 44.2-50.8 mm SE, Oriximina, Cachoeira 
Porteira, 01°04’47”S 57°03’16”W, 15 Apr 1985, EG Fer¬ 
reira & M Jegu; INPA 39193, 1, 53.4 mm SE, Oriximi¬ 
na, rio Cachorro, tributary of rio Trombetas, 0°59’28.7”S 
57°03’20.8”W, 27 May 1988, EG Ferreira. Para State, rio 
Xingu basin: INPA 43923, 4, 44.8-50.3 mm SE, Anapu, 
about 3.5 km east upstream of crossing of BR ferry, left 
margin, 03°07’55”S 51°40’08”W, 01 Feb 2014, MH Sabaj- 
Perez, M Arce, AP Gongalves, J Zuanon, DB Fitzgerald 
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Figure 5. Distribution of Moenkhausia megalops. Circles represent lots examined; star indicates type locality in the rio Tapajos basin. 


& RR Reyes; INPA 40617, 117, 33.66^5.74 mm SL (5, 
34.24-45.74 mm SL, 7 c&s, 43.2^5.0 mm SL), Porto de 
Moz, at 7 km north of Senador Jose Porflrio, 02°3L32”S 
5r57’48”W, 23 Sep 2013, MH Sabaj Perez et al; INPA 
40700, 8, 31.6^4.9 mm SL, Porto de Moz, downstream 
end of public beach, right margin, 3 km from Porto de 
Moz, 01°43’54”S 52°15’16”W, 24 Sep 2013, MH Sabaj- 
Perez et al; INPA 43324, 3, 47.2-60.8 mm SL, Porto de 
Moz, beach along right margin, 7.5 km south upstream 
of mouth of rio Veiros, 02°10’24”S 52°09’24”W, 06 Mar 
2013, MH Sabaj-Perez, M Arce, AP Gonsalves, J Zua- 
non, DB Fitzgerald, RR Reyes, DRG Ribeiro & AR Mar¬ 
tins. Rondonia State, rio Jamari: INPA 48892, 5, 42.2- 
51.5 mm SL, Porto Velho, rock at 3 km upstream Samuel 
megadam, 08°44’47.24”S 63°28’22.68”W, 06 Sep 1985, 
GM dos Santos. Roraima State, rio Branco: INPA 36938, 
1, 44.7 mm SL, Caracarai, rocks in front of the Agua Fria 
stream, 0r55’23”N 6r00’29”W, 19 Sep 2011, L Rapp 
Py-Daniel, MCC de Pinna, RR de Oliveira & AS Oliveira. 
Venezuela, rio Orinoco basin: ANSP 190778, 2, 21-30.2 
mm SL, rio Ventuari, at Raudales Chipirito, 88.5 km east 
of San Fernando de Atabapo, 1 Apr 2010, M Sabaj-Perez, 
NK Lujan, DC Werneke, T Carvalho, S Meza V, A Luna 
& O Santaella; ANSP 191245, 1, 28 mm SL, rio Orinoco 
near mouth of Rio Ventuari, Macuruco Landing, 75 km E 
of San Fernando de Atabapo, 4 Apr 2004, MH Sabaj, NK 
Lujan, DC Werneke et al. 


Discussion. The species richness of Moenkhausia, be¬ 
cause of the broad geographic distribution and the doubts 
about its relationships justify the need of taxonomic re¬ 
visions, mainly of the species whose diagnoses are too 
uninformative to differentiate one species from its conge¬ 
ners. Moenkhausia megalops is a prominent example for 
this statement since Eigenmann (1907) provided only one 
specimen to describe M. megalops (CAS 71433) from 
Itaituba (Para State, Brazil) and did not define characters 
useful to differentiate this species from others Moenkhau¬ 
sia species. 

Eigenmann (1907) did not describe conspicuous fea¬ 
tures related to the humeral mark and pigmentation on the 
upper caudal-fin lobe. The ‘form’ described herein has 
the quite peculiar anterior humeral mark and a dark pig¬ 
mented upper caudal-fin lobe, both not seen in the holo- 
type of Astyanax megalops or even described in the orig¬ 
inal and subsequent descriptions by Eigenmann (1907, 
1917). Nevertheless, Eigenmann (1907: 29) had already 
claimed that the color was “apparently much faded”, sug¬ 
gesting that the specimens analyzed were already in an 
unsatisfactory preservation condition, and consequently 
the coloration features could not be noticed. 

Another character not mentioned by Eigenmann (1907) 
is the shape of premaxillary and dentary teeth. Indeed, one 
strong evidence to associate the name M. megalops to this 
specific form is that the holotype of Moenkhausia mega- 
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lops has premaxillary and dentary teeth with seven cusps. 
In addition, another evidence to link the specimens ex¬ 
amined to the name M. megalops is that this is the unique 
form in the rio Tapajos with large eyes (42.6-50.8 mm 
HL), a broad silvery lateral stripe, and scales with non- 
curved radii, as seen in the holotype of M. megalops. For 
these reasons, we are convinced that this population must 
be linked to the name M. megalops, confirming previous 
identifications [e.g., Souza et al. (2012), and Oliveira and 
Marinho (2016)]. 

Among the congener species, Moenkhausia grandis- 
quamis, another species quite abundant in the rio Tapajos 
basin with a conspicuous silvery lateral band, also has 
premaxillary and dentary teeth with seven or eight cusps 
(see Azevedo-Santos and Benine 2016). Eigenmann 
(1917) included a form from Itaituba identified by Ulrey 
(1895) as Tetragonopterus grandisquamis in the synony¬ 
my of M megalops and distinguished the true M. grandis¬ 
quamis (Muller & Troschel, 1845) from M. megalops by 
differences in morphometric proportions and scale striae. 
We partially agree with Eigenmann, given that M. meg¬ 
alops, in fact, does not present scales with curved radii, 
as those in M. grandisquamis, but we observed consid¬ 
erable morphometric overlapping between these species. 
However, our comparative examinations evidenced that 
M megalops has a narrower, somewhat rectangular sec¬ 
ond infraorbital versus a wider and trapezoidal bone in M. 
grandisquamis. Eigenmann (1917: 92) pointed out that 
the specimen of M. megalops “from the Essequibo 2488C 
is deeper and has a narrower second suborbital than the 
type”. The examinations of the holotype (CAS 71433) 
and the specimen from the Essequibo (now FMNH 53966 
- photograph) confirm the deeper body of the latter, even 
though it clearly has a wider second infraorbital that fits 
to M. grandisquamis, contrary to Eigenmann’s statement. 
For these reasons, we treated Eigenmann’s (1910; 1917) 
material as in part synonyms. 

Hardman et al. (2002) listed Moenkhausia megalops 
to Guyana, although solely based on Eigenmann’s ma¬ 
terial, since this species was not collected in their com¬ 
parative survey. Watkins et al. 2004 listed M. megalops 
for both Essequibo and Burro-Burro river drainages in 
Guyana. We examined material from Essequibo (ANSP 
175609) and Burro-Burro (ANSP 176990 - photograph) 
and confirmed both as M. grandisquamis. We also had 
the opportunity to examine images of the material listed 
as M. megalops by Souza et al., 2012 and confirm this 
identification. These authors tested the infiuence of the 
Rupununi Portal on freshwater fish distribution on Ru- 
pununi District, Guyana, and their results showed that M. 
megalops is restricted to rio Takutu, Rio Branco drainage. 
Thus, we still do not have evidence of occurrence of M. 
megalops in the Essequibo river, Guyana. 

Although we were not able to confirm these informa¬ 
tions, there are also records of occurrence of M. mega¬ 
lops for other rivers in the Amazon basin that were not 
included in our Geographic distribution section, such 
as rio Purus (Duarte et al. 2013), and from Colombia 


(Maldonado-Ocampo 2001, Arbelaez et al. 2004, Maldo- 
nado-Ocampo et al. 2008; Miller-Hurtado et al. 2009), 
and Venezuela (Easso et al. 2004, Gonzales et al. 2012). 
However, we analyzed photographs of specimens from 
Rio Orinoco, Venezuela (ANSP 190778; ANSP 191245) 
that presents the diagnostic humeral and caudal marks of 
M. megalops and could be tentatively identified as this 
species. We were not able to examine teeth and scale 
morphology. Nevertheless, we herein provide sufficient 
elements for the unequivocal differentiation of M. meg¬ 
alops from congeners, which subsequent inventorial and 
revisionary works may count on. 

Comparative material. Guyana. Moenkhausia grandis¬ 
quamis'. Essequibo river, ANSP 175609, 15, 49.5-66.7 
mm SE, Essequibo campsite. Brazil. Moenkhausia celi- 
bela'. Amazonas, rio Negro: INPA 48592, 4, 30.6-32.6 
mm SE, Novo Airao, Anavilhanas Archipelago. Para, rio 
Tapajos: INPA41451, 48, 11.8-29.1 mm SE, Aveiro, Pa- 
raiso stream. Para, rio Trombetas: INPA 48604, 2, 26.7- 
27.9 mm SE, Oriximina, Saraca stream. INPA48612, 1, 
22.23 mm SE, Oriximina, Saraca stream. Para, rio Xingu 
basin: INPA 47135, 33, 23.5-39.2 mm SE, Altamira, rio 
Bacajai. Moenkhausia gracilima'. Amazonas, rio Japura: 
INPA 49317, 7, 24.3-32.5 mm SE, Japura. Amazonas, rio 
Jurua: INPA 28984,1,24.7 mm SE, Carauari, Uacari Sus¬ 
tainable Development Reserve. Amazonas, rio Madeira 
basin: INPA 50799, 1, 29.6 mm SE, Nova Olinda do Nor¬ 
te, rio Abacaxis. Mato Grosso, rio Tapajos basin: INPA 
48419, 2, 28.1-28.2 mm SE, rio Teles Pires, uncertain 
locality. Para, rio Tocantins: INPA 39587, 2, 31.5^2.3 
mm SE, Tucurui, downstream of dam. Para, rio Trombe¬ 
tas: INPA 34352, 7, 21.4-29.1 mm SE, Oriximina. Rorai- 
ma, rio Branco basin: INPA 36942, 7, 21.1-29.6 mm SE, 
Caracarai, bedrock in front of Agua Fria stream. INPA 
48801, 1, 29.2 mm SE, Bonfim, rio das Arraias, tributary 
of rio Takutu. Moenkhausia grandisquamis'. Amazonas, 
rio Purus basin: INPA 36565, 2, 56.5-61.9 mm SE, Beru- 
ri, Praia Grande, Piaga^u-Purus Sustainable Development 
Reserve. Para, rio Xingu basin: INPA 37985, 10, 33.5- 
42.5 mm SE, Altamira, Tapuama. Moenkhausia heikor. 
Para, rio Xingu basin: INPA 38002, 5, 38.4^8.9 mm SE, 
Altamira, Espelho waterfall. INPA 43663, 16, 20.3^3.9 
mm SE, Altamira. INPA 47005, 1, 44.3 mm SE, Altami¬ 
ra, rio Iriri, Grande waterfall. Moenkhausia hysterosticta'. 
Amazonas, rio Purus: INPA 36577, 24, 35.1^2.4 mm 
SE, Beruri, Praia Grande, Piaga^u-Purus Sustainable De¬ 
velopment Reserve. INPA 36590, 12, 38.9^2.7 mm SE, 
Tapaua, Abufari beach. INPA 36607, 2, 39.8^0.1 mm 
SE, Praia Grande, above Carapana. Moenkhausia lata'. 
Amazonas, rio Purus basin: INPA 41936, 1, 54.9 mm 
SE, Tapaua, rio Ipixuna, Jiboia stream. Amazonas, rio 
Uatuma basin: INPA 5467, 2, 65.3-66.2 mm SE, Presi- 
dente Figueiredo, Samauma stream. INPA 25572, 1, 55.8 
mm SE, Presidente Figueiredo, Morena waterfall. Para, 
rio Tapajos: INPA 41517, 1, 50.6 mm SE, Aveiro. Para, 
rio Tocantins basin: INPA 16491, 14, 43.4-48.3 mm SE, 
Tucurui, Breu Branco. Para, rio Trombetas basin: INPA 
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50262, 7, 53.8-60.5 mm SL, Oriximina, access to Agua 
Fria stream. INPA 50307, 3, 46.9-54.5 mm SL, Oriximi¬ 
na, beaeh in front of Cachoeira Porteira. Para, rio Xingu: 
INPA 43325, 5 of 36, 41.7-53.8 mm SL, Porto de Moz, 
beach on the right bank. INPA 43918, 7, 40.4^3.7 mm 
SL, Porto de Moz, public beach on the right bank of rio 
Xingu. Moenkhausia lepidura: Amazonas, rio Purus ba¬ 
sin: INPA 41835, 7, 74.4-92.3 mm SL, Tapaua, Jacinto 
stream. INPA 42508, 1 of 4, 64.4 mm SL, rio Ipixuna, 
Floresta Tapaua. Amazonas, rio Madeira basin: INPA 
50628, 3, 54.0-66.2 mm SL, Nova Olinda do Norte, rio 
Abaeaxis. Amazonas, rio Negro basin: INPA 12717, 6, 

64.1- 81.3 mm SL, Barcelos, rio Caures, Curirarra lake. 
Mato Grosso, rio Tapajos basin: INPA 45966, 6, 56.9- 
75.1, Paranaita, rio Teles Pires, rio Sao Benedito. Para, 
rio Xingu basin: INPA 47043, 23, 44.0-59.1 mm SL, 
Altamira, rio Iriri. Rondonia, rio Guapore basin: INPA 

36155.15.46.1- 67.7 mm SL, Vale do Guapore, rio Novo. 
Tocantins, rio Tocantins-Araguaia basin: INPA 20407, 1, 
68.5 mm SL, Caseara, Paredao lake. Moenkhausia lowe- 
ae\ Para, rio Xingu basin: INPA 47139, 6, 41.2-52.2 mm 
SL, Altamira, rio Bacajai. INPA 49936, 2 of 3, 52.9-58.5 
mm SL, Brasil Novo. Moenkhausia mikia\ Amazonas, rio 
Japura: INPA 34611,4,35.6^8.6 mm SL, Maraa, Amana 
lake. Amazonas, rio Madeira basin: INPA 44270, 3, 36.4- 
37.1 mm SL, Autazes, rio Madeirinha. Amazonas, rio Ne¬ 
gro basin: INPA 30617, 1, 49.4 mm SL, rio Preto da Eva. 
INPA 49383, 15, 40.2-48.1 mm SL, Sao Gabriel da Ca¬ 
choeira, Curucui waterfall. Amazonas, rio Uatuma: INPA 
37281, 1, 47.5 mm SL, Sao Sebastiao do Uatuma. Mato 
Grosso, rio Tapajos basin: INPA 44563, 3, 36.6-39.3 mm 
SL, Paranaita, rio Teles Pires. Para, rio Trombetas: INPA 
39130, 2, 46.6^6.6 mm SL, Oriximina, Porto Trombe¬ 
tas. Para, rio Xingu: INPA 47282, 31, 45.2-58.1 mm SL, 
Altamira, Caju beach, above Jericoa waterfall. 

Acknowledgements 

The authors are very grateful to Lucia Rapp Py-Daniel 
(INPA) for providing the material for analyses, and for 
suggestions on the manuscript; Marcelo Andrade (UFPA) 
for providing a photograph of alive speeimen and pre¬ 
served speeimens for examination; to David Catania and 
Department of lehthyology, California Academy of Sci¬ 
ences (CAS) for loan and photograph of the holotype of 
Moenkhausia megalops (CAS 71433); to William G. Saul 
and Mark H. Sabaj (ANSP) and iXingu Project (NSF 
DEB-1257813) for providing photographs and compar¬ 
ative material; to Kevin Swagel and Field Museum of 
Natural History (FMNH) for providing the photograph 
of the speeimen cataloged under FMNH 53966; to Talles 
Cola^o (INPA) for examination of the gonads; to Eucas 
Castanhola (Eaboratorio Tematico de Microscopia Otica 
e Eletronica - ETMOE/INPA) for providing SEM im¬ 
ages and support on histological analyses. We also are 
grateful to two anonymous reviewers for improving the 
manuscript with enriching suggestions and corrections. 


VMAS was supported by Coordena^ao de Aperfei^oa- 
mento de Pessoal de Nivel Superior (CAPES). RCB is 
CNPq (Conselho Nacional de Desenvolvimento Cien- 
tifieo e Teenologieo do Brasil) researeher (CNPq grant 
308784/2016-2). 

References 

Alvarez-Leon R, Orozco-Rey RH, Paramo-Fonseca ME, Restrepo-San- 
tamaria D (2013) Lista de los peces fosiles y actuales de Colombia: 
nombres cientificos validos, distribucion geografica, diagnosis de 
referencia & nombres comunes e indigenas. Primera edicion. Eco 
Prints deseno grafico y audiovisual Etda. Bogota D. C., Colombia. 
Arbelaez F, Galvis G, Mojica JI, Duque S (2004) Composition and rich¬ 
ness of the ichthyofauna in a terra firme Forest stream of the Colom¬ 
bian Amazonia. Amazoniana 18(1-2): 95-107. http://web.evolbio. 
mpg. de/amazoniana/18_0 8 Arbelaez. pdf 
Azevedo-Santos VM, Benine RC (2016) A new species of Moenkhau¬ 
sia (Characiformes, Characidae) from the Ipa River, Amazon Basin, 
northern Brazil. Zoosystematics and Evolution 2: 203-209. https:// 
doi.org/10.3897/zse.92.10049 

Benine RC, Melo BF, Castro RMC, Oliveira C (2015) Taxonomic re¬ 
vision and molecular phylogeny of Gymnocorymbus Eigenmann, 
1908 (Teleostei, Characiformes, Characidae). Zootaxa 3956(1): 
1-28. http://dx.doi. 0 rg/lO.l 1646/zootaxa.3956.1.1 
Camargo M, Giarrizzo T, Isaac V (2004) Review of the geographic dis¬ 
tribution of fish fauna of the Xingu river basin, Brazil. Ecotropica 
10: 123-147. http://www.soctropecol.eu/publications/pdf/10-2/Ca- 
margo,Giarizzo,Isaac%202004. pdf 

Carvalho FR, Sarmento-Soares EM, Martins-Pinheiro RF (2014) Redes¬ 
cription of Moenkhausia doceana (Steindachner, 1877) (Ostariophy- 
si: Characiformes): a characid from the Northeastern Mata Atlantica 
ecoregion, Brazil. Neotropical Ichthyology 12(2): 377-388. http:// 
dx.doi.org/10.1590/1982-0224-20140006 
Castellanos C, Sanchez-Duarte P (2007) Moenkhausia megalops. In: 
Sanabria-Ochoa AI, Victoria-Daza P, Beltran IC (Eds) Peces de la 
Amazonia colombiana com enfasis em especies de interesornamen- 
tal. Institute Colombiano de Desarrollo Rural, Universidad Nacional 
de Colombia e Institute Amazonico de Investigaciones Cientificas, 
135. 

Duarte C, Deus CP, Rapp Py-Daniel E (2013) Comparapao da eficiencia 
relativa de dois apetrechos de coleta de peixes em praias no baixo rio 
Purus, Amazonas, Brasil. Acta Amazonica 43(3): 383-388. http:// 
dx.doi.org/10.1590/S0044-59672013000300015 
Eigenmann CH (1903) New genera of South American fresh-water fishes 
and new names for some old genera. Smithsonian Miscellaneous 
Collections 45: 144-148. 

Eigenmann CH (1910) Catalogue of the fresh-water fishes of tropical 
and south temperate America. In: Reports of the Princeton Univer¬ 
sity expeditions to Patagonia 1896-1899. Zoology 3(4): 375-51E 
Eigenmann CH (1917) The American Characidae - I. Memoirs of the 
Museum of Comparative Zoology 43: 1-102. 

Eigenmann CH, Ogle F (1907) An annotated list of characin fishes in 
the United States National Museum and the Museum of Indiana 
University, with descriptions of new species. Proceedings of the 
United States National Museum 33: 1-36. https://doi.org/10.5479/ 
si.00963801.33-1556.1 


zse.pensoft.net 



Zoosyst. Evol. 93 (2) 2017, 255-264 


263 


Eschmeyer WN, Fricke R, van der Laan R (2017) Catalog of fishes: 
genera, species, references. Available from: http://researcharchive. 
calacademy.org/research/ichthyology/catalog/fishcatmain.asp [ac¬ 
cessed 18 January, 2017] 

Ferreira EJG (1993) Composi^ao, distribuipao e aspectos ecologicos 
da ictiofauna de um trecho do rio Trombetas, na area de infiuen- 
cia da futura UHE Cachoeira Porteira, estado do Para, Brasil. Acta 
Amazonica 23(suplemento): 1-89. https://doi.org/10.1590/1809- 
43921993235089 

Ferreira E, Zuanon J, Forsberg B, Goulding M, Briglia-Ferreira R 
(2007) Rio Branco. Peixes, ecologia e conservapao de Roraima. 
Amazon Conservation Association, Instituto Nacional de Pesquisas 
da Amazonia, Sociedade Civil Mamiraua. 

Ferreira E, Zuanon J, Santos G, Amadio S (2011) A ictiofauna do 
Parque Estadual do Cantao, Estado do Tocantins, Brasil. Bio¬ 
ta Neotropica 11(2): 277-284. https://doi.org/10.1590/S1676- 
06032011000200028 

Fink WE, Weitzman SH (1974) The so-called Cheirodontin fishes 
of Central America with descriptions of two new species (Pisces: 
Characidae). Smithsonian Contributions to Zoology 172: 1-46. 
https://doi.org/10.5479/si.00810282.172 

Fowler HW (1948). Os peixes de agua doce do Brasil. Arquivos de Zoo- 
logia do Estado de Sao Paulo, Sao Paulo 6(1): 1-204. 

Gery J (1977) Characoids of the world. T. F. H. Publications, Neptune 
City, New Jersey. 

Gery J, Zarske A (2004) Moenkhausia heikoi n. sp., a newtetra (Teleostei: 
Ostariophysi: Characiformes: Characidae) from the Rio Xingu basin, 
Brazil, with a supplementary description of the genus type species. 
Aqua, Journal of Ichthyology and Aquatic Biology 9(1): 29^3. http:// 
www.senckenberg.de/files/content/forschung/abteilung/tierkunde/ 
ichthyologie/pubhkationen/104_moenkausia_heikoi.pdf 

Gonzales N, Echevarria G, Daza F, Mass F (2012) Illustrated list of 
additions to ichthyofauna of the Caura River, Venezuela. Check Fist 
8(1): 43-52. https://doi.Org/10.15560/8.l.043 

Hardman M, Page EM, Sabaj MH, Armbruster JW, Knouft JH (2002) 
A comparison of fish surveys made in 1908 and 1998 of the Potaro, 
Essequibo, Demerara, and coastal river drainages of Guyana. Ich¬ 
thyological Exploration of Freshwater 13(3): 225-238. 

Hercos AP, Queiroz HE, Almeida HE (2009) Peixes omamentais do Amana. 
Instituto de Desenvolvimento Sustentavel Mamiraua, Tefe, 241 pp. 

Easso CA, Mojica JI, Usma JS, Maldonado-0 JA, DoNascimiento C, 
Taphorn DC, Provenzano F, Easso-Alcala OM, Galvis G, Vasquez 
E, Eugo M, Machado-Allison A, Royero R, Suarez C,Ortega-Eara A 
(2004) Peces de la cuenca del rio Orinoco. Parte I: lista de especies y 
distribucion por subcuencas. Biota Colombiana 5(2): 95-158. http:// 
WWW. redaly c. org/articulo. oa? id=49150206 

Easso CA, Sanchez-Duarte P (2011) Eos peces del delta del Orinoco. 
Diversidad, bioecologia, uso y conservacion. Fundacion Fa Salle de 
Ciencias Naturales y Chevron C. A. Venezuela. Caracas. 

Fima FCT, Malabarba ER, Backup PA, Silva JFP, Vari RP, Harold 
A, Benine RC, Oyakawa OT, Pavanelli CS, Menezes NA, Euce- 
na CAS, Malabarba MCSE, Eucena, ZMS, Reis RE, Eangeani F, 
Casatti E, Bertaco VA, Moreira CR, Eucinda PHF (2003) Genera 
Incertae Sedis in Characidae. In: Reis RE, Kullander SO, Ferraris Jr 
CJ (Eds) Check Fist of the Freshwater fishes of South and Central 
America. Porto Alegre, Edipucrs, 106-169. 

Fima FCT, Pires THS, Ohara WMF, Jerep C, Carvalho FR, Marinho 
MMF, Zuanon JAS (2013) Characidae. In: Queiroz EJ, Torrente- 


Vilara G, Ohara WM, Pires THS, Zuanon JAS, Doria CRC (Eds) 
Peixes do rio Madeira. Vol. I. Dialeto, Sao Paulo, 213-361. 

Maldonado-Ocampo JA (2001) Peces del area de confiuencia de los rios 
Meta, Bitay Orinoco en Puerto Carreno, Vichada, Colombia. Dahlia 
(Revista de la Asociacion Colombiana de Ictiologos) 4: 61-74. 
http: //www. redalyc. org/articulo. oa? id=49115088009 

Maldonado-Ocampo JA, Vari RP, Usma JS (2008) Checklist of the 
Freshwater Fishes of Colombia. Biota Colombiana 9(2): 143-237. 
https: //repository. si. edu/bitstream/handle/1008 8/7466/V ari_Che- 
ckl ist_of_fresh_water_fi sh_of_Colombia. pdf? sequence= 1 

Mariguela TC, Benine RC, Abe KT, Avelino GS, Oliveira C (2013) 
Molecular phylogeny of Moenkhausia (Characidae) inferred from 
mitochondrial and nuclear DNA evidence. Journal of Zoological 
Systematics and Evolutionary Research 51: 327-332. http://dx.doi. 
org/lO.llll/jzs. 12025 

Marinho MMF, Eangeani F (2016) Reconciling more than 150 years 
of taxonomic confusion: the true identity of Moenkhausia lepidura, 
with a key to the species of the M. lepidura group (Characiformes: 
Characidae). Zootaxa 4107(3): 338-352. http://dx.doi. 0 rg/lO.l 1646/ 
zootaxa.4107.3.3 

Miller-Hurtado H, Taphorn DC, Oviedo JSU (2009) Eista preliminar de 
los peces del rio Papunahua, cuenca del rio Inirida - departamento 
del Vaupes, Colombia. Biota Colombiana 10(1-2): 163-169. http:// 
www.redalyc. org/articulo. oa?id=49115088010 

Mirande JM (2010) Phylogeny of the family Characidae (Tele¬ 
ostei: Characiformes) from characters to taxonomy. Neotropi¬ 
cal Ichthyology 8: 385-568. http://dx.doi.org/10.1590/S1679- 
62252010000300001 

Mojica JI, German G, Arbelaez F, Santos M, Vejarano S, Prieto-Pira- 
quive E, Arce M, Sanchez-Duarte P, Castellanos C, Gutierrez A, 
Duque SR, Eobon-Cervia J, Granado-Eorencio C (2005) Peces de 
Fa Cuenca del Rio Amazonas em Colombia: Region de Eeticia. Bi¬ 
ota Colombiana 6(2): 191-210. 

Muller J, Troschel FH (1845) Horae Ichthyologicae, Beschreibung und 
Abbildung neuer Fische. Die Familie Characinen. Berlin, https:// 
doi.org/10.5962/bhl.title.6935 

Oliveira C, Avelino GS, Abe KT, Mariguela TC, Benine RC, Orti G, 
Vari RP, Castro RMC (2011) Phylogenetic relationships within 
the speciose family Characidae (Teleostei: Ostariophysi: Charac¬ 
iformes) based on multilocus analysis and extensive ingroup 
sampling. BMC Evolutionary Biology 11: 1-25. http://dx.doi. 
org/10.1186/1471-2148-11-275 

Oliveira CD, Marinho MMF (2016) A new species of Moenkhausia 
Eigenmann, 1903 (Characiformes, Characidae) from the rio Am¬ 
azonas basin, Brazil. Zootaxa 4093(4): 566-574. http://dx.doi. 
org/10.11646/zootaxa.4093.4.8 

Petrolli MG, Azevedo-Santos VM, Benine RC (2016) Moenkhausia 
venerei (Characiformes: Characidae), a new species from the rio 
Araguaia, Central Brazil. Zootaxa 4105(2): 159-170. http://dx.doi. 
org/10.11646/zootaxa.4105.2.4. 

Petrolli MG, Benine RC (2015) Description of three new species of 
Moenkhausia (Teleostei, Characiformes, Characidae) with the 
definition of the Moenkhausia jamesi species complex. Zootaxa 
3986(4): 401-420. http://dx.doi.Org/10.11646/zootaxa.3986.4.l 

Sousa EM, Netto-Ferreira AE, Birindelli JEO (2010) Two new species 
of Moenkhausia Eigenmann (Characiformes: Characidae) from Serra 
do Cachimbo, Para, Northern Brazil. Neotropical Ichthyology 8(2): 
255-264. https://doi.Org/10.1590/S1679-62252010000200003 


zse.pensoft.net 



264 


Soares, I.M. et al.: Redescription of Moenkhausia megalops (Eigenmann, 1907)... 


Souza LS, Armbruster JW, Werneke DC (2012) The influence of 
the Rupununi portal on distribution of freshwater fish in the Ru- 
pununi district, Guyana. Cybium 36(1): 31-43. http://www.aubum. 
edu/~armbrj w/Rupununi_portal. pdf 
Taylor WR,Van Dyke GC (1985) Revised procedures for staining and 
clearing small Ashes and other vertebrates for bone and cartilage 
study. Cybium 9: 107-119. 

Ulrey AB (1895) The South American Characinidae collected by Charles 
Frederick Hartt. Annals of the New York Academy of Sciences 8; 
257-300. https://d 0 i. 0 rg/l0.1111/j. 1749-6632.1894.tb55424.x 


Vari RP, Ferraris Jr CJ, Radosavljevic A, Funk VA (Eds) (2009) 
Checklist of the freshwater Ashes of the Guiana Shield. Bulletin 
of the Biological Society of Washington 17: 1-95. http://dx.doi. 
org/10.2988/0097-0298-17.1 .i 

Watkins G, Saul W, Holm E, Watson C, Arjoon D, Bicknell J (2004) 
The flsh fauna of the Iwokrama Forest. Proceedings of the Academy 
ofNatural Sciences of Philadelphia 154: 39-53. https://doi. 0 rg/lO.l 
635/0097-3157(2004)154[0039:TFFOTI]2.0.CO;2 


zse.pensoft.net 




Zoosyst. Evol. 93(2) 2017, 265-279 | DOI 10.3897/zse.93.11576 


4>yEnsPFr. 


museum fur naturkunde 


Three new speeies of the mierohylid frog genus Choerophryne 
(Amphibia, Anura, Microhylidae) from Papua New Guinea 

Rainer Gunther^ Stephen Richards^ 

1 Museum fiir Naturkunde, Invalidenstr. 43, 10115 Berlin, Germany 

2 Herpetology Department, South Australian Museum, North Terrace, Adelaide, South Australia 5000, Australia 
http://zoobank.org/4483DB5A-3DDl-4AB6-85F7-BA9A 077878A5 

Corresponding author: Rainer Gunther (rainer.guenther@mfn-berlin.de) 


Received 21 December 2016 
Accepted 10 April 2017 
Published 5 May 2017 

Academic editor: 

Johannes Penner 

Key Words 

New Guinea 

taxonomy 

frogs 

Gulf Province 

Southern Highlands Province 
Huon Peninsula 


Abstract 

We describe three new species of the mierohylid frog genus Choerophryne from the 
mountains and foothills of southern and northeastern Papua New Guinea. All three spe¬ 
cies lack elongated snouts and all are arboreal, calling from elevated perch sites between 
~1 and 10 m above the forest floor. Advertisement calls and habitat preferences are de¬ 
scribed for each species. Descriptions of these three frogs brings the total number of 
Choerophryne recognized to 34 but numerous additional species undoubtedly remain to 
be discovered in poorly-surveyed mountainous regions of New Guinea. 


Introduction 

The mierohylid genus Choerophryne Kampen, 1914 cur¬ 
rently contains 31 species of small (SUL < 30 mm), ter¬ 
restrial or arboreal frogs (lannella et al. 2014, 2015; Frost 
2016). The taxonomy and relationships of Choerophryne 
remain poorly understood. Until recently the genus con¬ 
tained species with moderately to extremely elongated 
snouts (Kraus and Allison 2001, Gunther 2008), and mor¬ 
phological characters associated with snout elongation 
were used to distinguish it from the similar short-snouted 
Papuan mierohylid genus Albericus Burton & Zweifel, 
1995. However Kraus (2013) suggested that features as¬ 
sociated with snout elongation are of limited diagnostic 
value, and described a new species (C. bryonopsis) with 
morphological characters intermediate between the two 
genera. Subsequently Peloso et al. (2016) provided mo¬ 
lecular evidence that the genus Albericus is paraphyletic 
with respect to Choerophryne and synonymised Alberi¬ 
cus with the older name Choerophryne. 


Here we describe three new species of Choerophryne 
lacking elongated snouts, two from the southern slopes 
of Papua New Guinea’s central cordillera and one from 
the mountains of the Huon Peninsula in northern Papua 
New Guinea. There is no doubt that many species of this 
moderately diverse genus remain to be discovered and 
described from the large areas of mountainous terrain in 
New Guinea that remain incompletely surveyed. 

Material and methods 

Male frogs were collected at night after they were located 
by their advertisement calls. Representative specimens were 
photographed in life, and all specimens were anaesthetised 
in an aqueous chlorobutanol solution next day and subse¬ 
quently fixed in 5% formalin. Liver samples were taken 
from some specimens before fixation, and stored in 95% 
ethanol to enable later DNA sequencing. All specimens 
were transferred to 70% ethanol within two days of fixation. 
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The following measurements were taken with a digital eali- 
per (> 10 mm) or with a binocular dissecting microscope 
fitted with an ocular micrometer (< 10 mm) to the nearest 
0.1 mm from preserved specimens only: 

SUL snout-urostyle length from tip of snout to distal tip 
of urostyle bone; SUL is generally slightly short¬ 
er than snout-vent length (SVL). As the measure¬ 
ment error is higher in the latter, we prefer to use 
the former. Both measurements are sufficiently 
similar (unpublished data) that, where relevant, we 
compare our SUL measurements with SVL’s pre¬ 
sented for members of the genus in some papers; 
TL tibia length: external distance between knee and 
ankle; 

TaL length of tarsus: external distance between ti- 
bio-tarsal and heel joints held at right angles; 
T4L length of 4th toe: from tip of toe to proximal end 
of inner metatarsal tubercle; 

T4D transversal diameter of disc of 4th toe; 

TID transversal diameter of disc of first toe; 

F3L length of 3rd finger; 

F3D transversal diameter of disc of 3rd finger; 

FID transversal diameter of disc of first finger; 

HL head length, from tip of snout to posterior margin 

of tympanum; 

HW head width, taken in the region of the tympana; 
SL snout length, from an imaginary line connecting 
the centres of the eyes to tip of the snout; 

END distance from anterior corner of orbital opening 
to centre of naris; 

fND internarial distance between centres of nares; 

ED eye diameter, from anterior to posterior corner of 
orbital opening; 

TyD horizontal diameter of tympanum. 

Advertisement calls were recorded under natural con¬ 
ditions with a Sony Pro-Walkman or a Sony TCM 5000EV 
tape recorder and a Sennheiser ME66 Microphone with 
K6 power module, and analysed with Avisoft-SAS Eab 
Pro software. Air temperatures adjacent to calling males 
were recorded using a rapid-reading digital thermometer. 

Type material of Choerophryne species examined for 
this study, including species previously included in Al- 
bericus, is listed in Gunther and Richards (2011) and in 
lannella et al (2014; 2015). Additional comparisons with 
other “short-nosed” Choerophryne relied on the papers by 
Kraus and Allison (2005a, 2005b, 2009) and Kraus (2010). 

Abbreviations of collections: 

PNGNM Papua New Guinea National Museum and Art 
Gallery; 

MNHNP Museum national d'Histoire naturelle, Paris, 
France; 

SAMA South Australian Museum, Adelaide, Australia; 
ZMB Museum fur Naturkunde Berlin (formerly 
Zoologisches Museum Berlin). 


Systematics 

Choerophryne crucifer sp. n. 

http://zoobank.org/31112467-259E-401A-ACB6-59E0B0960FEA 

Holotype. SAMA R69448 (Field number: FN SJR 8623), 
adult male, lagifu Ridge near Moro, Southern Highlands 
Province, Papua New Guinea (06°22.099’S, 143°13.374’E; 
900 m asl) collected on 21-11-2004 by S.J. Richards. 

Paratypes. ZMB 84336 (FN SJR 8622), same data as 
holotype; SAMA R69440-69442 (FN SJR 3147-3148, 
3151), Darai Plateau, Gulf Province, Papua New Guinea 
(07°07.77US, 143°36.806’E; 400 m asl) collected on 23- 
07-2003 by S.J. Richards. 

Diagnosis. A species of the genus Choerophryne lack¬ 
ing an elongated snout. Snout-urostyle length in males 
(n=5) from 13.4-17.3 mm (mean 14.7±1.58 mm). No 
webs between fingers or toes; fifth toe longer than third; 
finger discs wider than toe discs (ratio T4D/F3D 0.78- 
0.88); shanks short (TE/SUE 0.38-0.44). Eyes medium 
sized (ED/SUE 0.110-0.127), eye-naris distance greater 
than internarial distance (END/IND 1.00-1.25). Dorsum 
with a brown hour-glass mark that has an approximate¬ 
ly median constriction; and a pale cross with a definite 
posterior ‘extension’ on head. Dorsal surfaces covered 
with tubercles in life, lower surface smooth and brown 
with numerous whitish dots, inguinal region yellowish. 
Advertisement call a series of musical clicks sounding 
like ‘tink-tink-tink...’ lasting 1.01-4.75 s and containing 
5-22 clicks (notes) per call at a repetition rate of 4.39- 
5.18 notes/s. Dominant frequency is at 5.5 kHz. 

Description of the holotype. Adult male with a SUE of 
14.9 mm. Additional measurements and ratios are listed 
in Table 1. Head broader than long (HE/HW 0.73); tip of 
snout rounded in dorsal view and truncate in lateral view; 
nostrils near tip of snout, directed laterally and not visi¬ 
ble from above, distance between nares less than distance 
between eye and naris (END/IND 1.25); canthus rostralis 
in dorsal view straight and rounded; loreal region slightly 
sloped; tongue oval, narrower anteriorly than posteriorly, 
posterior margin without indentation; anterior prepharyn- 
geal ridge well developed and smooth, posterior “ridge” 
a plaque with many longitudinal furrows; fairly long vo¬ 
cal slits on both sides of mouth floor; tympanum small 
(about one-third of eye diameter) and hardly visible; no 
supratympanic fold. Shanks of medium length (TE/SUE 
0.44). Fingers unwebbed with broad, grooved terminal 
discs, their relative lengths 3>4>2>1 (Fig. la, b); disc 
of third finger slightly more than twice width of penul¬ 
timate phalanx, no prominent metacarpal or subarticular 
tubercles. All toes with wide, grooved terminal discs, 
those of fourth toe slightly narrower than those of third 
finger; no webs between toes, no metatarsal tubercles, 
subarticular tubercles weakly developed; relative lengths 
of toes 4>5>3>2>1 (Fig. la, b). Skin smooth with small 
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Figure la. Preserved holotype of Choerophryne crucifer sp. n. 
in dorsal view. 



Figure lb. Preserved holotype of Choerophryne crucifer sp. n. 
in ventral view. 


but distinct tubercles dorsally in life, less conspicuous in 
preservative. No distinct tubercles on ventral surfaces in 
preservative. 

Colour of the holotype in preservative (Fig. la, b). Co¬ 
lour of holotype in life unknown. In preservative ground 
colour of dorsal surfaces of head, body and hind limbs 
light-grey, that of fore limbs yellowish; a dun hour-glass 
shaped patch from eyes to inguinal region, this patch con¬ 
stricted at mid-dorsum and “split” anteriorly by posterior 
arm of pale cross on head; some diffuse smaller brownish 
spots on head and dorsal surfaces of extremities. Inguinal 
region with conspicuous dark brown areas bordered ante¬ 
riorly by yellow flecks; dark brown inguinal spots merge 
ventrally into brown colour of abdomen. Underside of 
thighs, chest and throat also brown and interspersed with 
small whitish spots. An irregularly shaped dark brown 
band across anal region. 

Colour in life. Based on paratype SAMA R69440, 
mid-dorsum covered by a large brown patch, dorsolater- 
ally bordered by an irregular off-white longitudinal stripe. 
Flanks reddish-brown with a dark grey reticulum, ingui¬ 
nal region with a yellowish area, dorsal surfaces of ex¬ 
tremities grey-yellowish with irregular dark grey, brown¬ 
ish and reddish spots; ventral surfaces grey with whitish 
mottles (Fig. 2). 

Morphological variation. Measurements and body ratios 
of the type specimens are presented in Table 1. While four 
males had a SUL between 13.8 and 14.9 mm, one male 


measured 17.3 mm. This difference of 3.5 mm between 
adult males is fairly large for frogs of this small size. All 
five specimens exhibit a dark brown mid-dorsal patch 
with a pair of anterior and a pair of posterior “wings”, the 
posterior ones in almost all cases more strongly expand¬ 
ed than the anterior ones. This patch is bordered dorso- 
laterally by an irregular whitish stripe in four specimens 
and by a light brown stripe in one specimen. A complete 
cross-shaped figure on the head is evident in four speci¬ 
mens; it is incomplete in ZMB 84336 where only the 
posterior section is pronounced. All specimens exhibit 
the large, pale semicircular patch on the posterior end of 
the body and pale spots or bands proximally on posterior 
thighs and distally on dorsal shanks. Throat, chest, abdo¬ 
men and inferior surface of thighs are brown and more or 
less densely speckled with whitish spots in all specimens. 
Ventral surfaces of extremities are off-white and mottled 
with brownish and/or whitish spots. 

Distribution and ecological notes. All records of Choe¬ 
rophryne crucifer are from lowland and foothill forest 
in south-central Papua New Guinea, at altitudes ranging 
from -100 m in the lowlands and foothills of Gulf Prov¬ 
ince to nearly 1,000 m asl on lagifu Ridge in Southern 
Highlands Province. Males called at night from the upper 
surfaces of leaves, generally between 2-10 m above the 
forest floor. 

Vocalisation. The advertisement call of the new species, 
recorded at air temperatures of 23.2-24.0 °C, consists of 
a series, or ‘train’ of rather musical clicks (Fig. 3). Calls 
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Figure 2. Paratype SAMA R69440 of Choerophryne crucifer sp. n. in life. 



follow one another at variable intervals (a few seeonds to 
half a minute and more). Eleven calls were analysed from 
ZMB 84336 and 16 from SAMA R69442. Because char¬ 
acteristics of both call trains are similar, they are treated 
together here. 27 calls had a mean duration of 2.75±0.82 
s, range 1.01^.75 s. Mean number of clicks (notes) per 
call 13.2±3.81, range 5-22. Notes had a mean duration of 
20.6±2.91 ms, range 13-25 ms, n=93. Inter-note intervals 
lasted 200.6±13.4 ms, range 176-238 ms, n=92. Mean 
note repetition rate 4.82±0.21, range 4.39-5.18 notes/s. 


n=27. Frequencies scatter mostly between 5 and 6 kHz; 
the dominant frequency is at 5.5 kHz (Fig. 4). Notes start 
at maximum sound amplitude and, after a short time at 
this level, amplitude drops quickly. All notes have a sim¬ 
ilar maximum amplitude. 

Etymology. The specific epithet crucifer is a Fatin sub¬ 
stantive in apposition and means carrier (porter) of a 
cross. It refers to the conspicuous yellowish cross on the 
head of most specimens. 
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Table 1. Body measurements and body ratios of the type se¬ 
ries of Choerophryne crucifer sp. n. SAMA R69448 is the ho- 
lotype, all five types are adult males; all measurements in mm. 
Reg.-No = Registration number; SD = standard deviation; for 
explanations of abbreviations for measurements see “Material 
and methods”. 


Reg.-No. 

SAMA 

R69440 

SAMA 

R69441 

SAMA 

R69442 

ZMB 

84336 

SAMA 

R69448 

MeaniSD 

SUL 

13.4 

13.8 

13.9 

17.3 

14.9 

14.7±1.580 

TL 

5.3 

5.7 

6.1 

7.0 

6.5 


TaL 

3.7 

3.5 

3.9 

4.7 

4.5 


T4L 

4.9 

4.8 

5.4 

5.6 

5.5 


T4D 

0.7 

0.7 

0.7 

0.9 

0.7 


TID 

0.6 

0.6 

0.6 

0.9 

0.5 


F3L 

3.6 

3.9 

4.2 

4.0 

4.2 


F3D 

0.8 

0.8 

0.9 

1.1 

0.8 


FID 

0.5 

0.5 

0.5 

0.7 

0.5 


HL 

4.0 

3.7 

3.6 

5.5 

3.7 


HW 

4.5 

4.6 

4.9 

5.8 

5.1 


END 

1.1 

1.1 

1.2 

1.5 

1.5 


IND 

1.0 

1.1 

1.0 

1.3 

1.2 


SL 

2.1 

2.0 

2.3 

2.8 

2.5 


ED 

1.7 

1.6 

1.6 

1.9 

1.8 


TyD 

0.5 

0.5 

0.4 

0.7 

0.6 


TL/SUL 

0.40 

0.41 

0.44 

0.38 

0.44 

0.41±0.026 

TaL/SUL 

0.28 

0.25 

0.28 

0.27 

0.30 

0.28±0.018 

T4L/SUL 

0.37 

0.35 

0.39 

0.32 

0.37 

0.36±0.026 

T4D/SUL 

0.052 

0.051 

0.050 

0.052 

0.047 

0.050±0.002 

F3L/SUL 

0.27 

0.28 

0.30 

0.23 

0.28 

0.27±0.026 

F3D/SUL 

0.060 

0.058 

0.065 

0.064 

0.054 

0.060±0.004 

T4D/F3D 

0.88 

0.88 

0.78 

0.82 

0.88 

0.85±0.046 

TID/FID 

1.20 

1.20 

1.20 

1.29 

1.00 

1.18±0.107 

HL/SUL 

0.30 

0.27 

0.26 

0.32 

0.25 

0.28±0.029 

HW/SUL 

0.34 

0.33 

0.35 

0.34 

0.34 

0.34±0.007 

HL/HW 

0.89 

0.80 

0.73 

0.95 

0.73 

0.82±0.098 

END/IND 

1.10 

1.00 

1.20 

1.15 

1.25 

1.14±0.096 

ED/SUL 

0.127 

0.116 

0.115 

0.110 

0.121 

0.118±0.006 

TyD/SUL 

0.037 

0.036 

0.029 

0.040 

0.040 

0.036±0.005 

TyD/ED 

0.29 

0.31 

0.25 

0.37 

0.33 

0.31±0.045 

SL/SUL 

0.157 

0.145 

0.165 

0.162 

0.168 

0.159±0.009 


Comparisons with other species. With its short snout 
Choerophryne crucifer differs from all twelve Choero¬ 
phryne with an elongated snout and would have been 
placed in the gQxms Albericus in the former sense. Accord¬ 
ing to Frost (2016) 18 species of short-snouted Choero¬ 
phryne are recognized at present. The advertisement call 
of most short-snouted species is described as a buzz. Apart 
from C. crucifer, calls consisting of clicking notes are pro¬ 
duced only by C. gudrunae, C. gunnari, C. sanguinopicta 
and C. valkuriarum. 

Choerophryne gudrunae has longer legs (TL/SVL 
0.44-0.46 vs. 0.38-0.44) and a higher ratio of END/IND 
(1.20-1.50 vs. 1.00-1.25) than C. crucifer. The advertise¬ 
ment calls of the former consist of about 10 clicks, those 
of C. crucifer of 13 on average. Dominant frequency of 
gudrunae-cdXXs is at 3.5 kHz, of crucifer-cdXXs at 5.5 kHz. 

Choerophryne gunnari has longer legs (TL/SVL 0.44- 
0.51), a higher ratio END/IND (1.25-1.45) and conspicu- 


V 



Figure 4. Power spectrum of an advertisement call of Choero¬ 
phryne crucifer sp. n. 

ous blue pigmentation on the belly and hind limbs (absent 
in C. crucifer). Note repetition rate of the advertisement 
call of C. gunnari is, according to the spectrograms pub¬ 
lished by Menzies (1999, 2006), about two clicks/s (er¬ 
roneously reported as about 4 clicks/s in the 1999 paper) 
vs. 4.4-5.2 clicks/s in C. crucifer. Figure 17 in Menzies 
(1999) shows a dominant frequency of about 3.3 kHz for 
this species, which is much lower than in calls from C. 
crucifer (5.5 kHz). Menzies (1999) also reports that the 
clicks uttered by C. gunnari have ‘no musical quality’ 
whereas those produced by C. crucifer are distinctly mu¬ 
sical, sounding to the ear like ‘tink..tink..tink’. 

Choerophryne sanguinopicta occurs at elevations of 
>1,400 m asl (vs. lowlands and foothills <1000 m asl) 
and exhibits an extraordinary polychromatic colouration 
(absent in C. crucifer). Moreover its advertisement calls 
are very long series (several minutes) of clicks with a 
note (= call) repetition rate of less than three calls/s and a 
dominant frequency of around 4.0 kHz (vs. shorter series 
of clicks, each series lasting less than 4 seconds and with 
a repetition rate of more than 4.4 per second and a higher 
dominant frequency (at 5.5 kHz) in C. crucifer). 

Choerophryne valkuriarum generally occurs at eleva¬ 
tions over 2000 m asl (vs. <1000 m asl in C. crucifer). 
According to Kraus and Allison (2005a) HW/SVL in C. 
valkuriarum is 0.37-0.43 and F3D/SVL is 0.067-0.088, 
we found values of 0.33-0.35 and 0.054-0.064 in C. 
crucifer. There are also differences in the advertisement 
calls. Menzies (1999) notes a maximum repetition rate 
for C. valkuriarum of two notes/s and reports that notes 
are uttered “once or in irregular series”. In C. crucifer 
clicks are uttered at regular intervals and at a rate of 4.4- 
5.2 per s. 

Choerophryne variegata is known from a single speci¬ 
men, and its advertisement call is unknown. According 
to measurements by Menzies (1999) the holotype of this 
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species differs from the new species described here by the 
ratios TL/SVL (0.47 vs. 0.38-0.44), F3D/SVL (0.071 vs. 
0.054-0.065), END/IND (1.38 vs. 1.00-1.25) and ED/ 
SVE (0.133 vs. 0.110-0.127). Moreover, toes 4 and 5 are 
connected by webbing in C. variegata and not so in C. 
crucifer. 

Choerophryne multisyllaba sp. n. 

http;//zoobank.org/7496397F-B370-4034-AFA4-B7189236E5A7 

Holotype. SAMA R70322 (FN SJR 2322), adult male, 
lagifu Ridge near Moro, Southern Highlands Province, 
Papua New Guinea (06°26.4864’S, 143°13.1040’E; 
1,413 m asl) collected on 21-10-2001 by S.J. Richards. 

Paratypes. SAMA R70323-70325 (FN SJR 2070, 2286, 
2325), PNGNM unregistered (FN SJR 2137), ZMB 
84337-84338 (FN SJR 2323 & 2324), all details same as 
holotype except PNGNM collected on 28-05-2002 and 
SAMAR70324 collected on 19-10-2001 by S.J. Richards. 

Diagnosis. A species of the genus Choerophryne lacking 
an elongated snout. Snout-urostyle length in males (n=7) 
from 14.0-15.2 mm (mean 14.4±0.45 mm). No webs be¬ 
tween fingers or toes; fifth toe longer than third; finger 
discs wider than toe discs (ratio T4D/F3D 0.67-0.89); 
shanks medium-length (TE/SUE 0.43-0.47). Eyes fairly 
large (ED/SUE 0.126-0.143), eye-naris distance greater 
than internarial distance (END/IND 1.00-1.17). Almost 
all specimens with a yellowish (whitish in preservative) 
interocular stripe, an irregular longitudinal mark of the 
same colour in the scapular region and a narrow streak 
between corner of the mouth and tympanum. No brown 
hour-glass mark on dorsum and no light cross on head. 
Best diagnostic character is the advertisement call: a rat¬ 
tle of 0.7-1.0 s duration with a dominant frequency of 
3.5 kHz. 

Description of the holotype. Adult male with a SUE of 
14.9 mm. Additional measurements and ratios are listed 
in Table 2. Head broader than long (HE/HW 0.86); tip of 
snout subelliptical with a small median protuberance in 
dorsal view and slightly protruding in lateral view; nostrils 
near tip of snout, directed laterally and not visible from 
above, distance between nares less than distance between 
eye and naris (END/IND 1.15); canthus rostralis round¬ 
ed, loreal region slightly sloped and with some elongate 
pits; tongue strongly widened posteriorly, with a weak 
indentation and its posterior part nearly half free; one pre- 
pharyngeal ridge without denticles; fairly long vocal slits 
on both sides of mouth floor. Tympanum medium-sized 
(TyD/ED 0.42) and well visible, no supratympanic fold. 
Shanks medium sized (TE/SUE 0.44). Fingers unwebbed 
and with semi-circular or truncate, grooved terminal discs, 
their relative lengths 3>4>2>1 (Fig. 5a, b); disc of third 
Anger substantially more than twice width of penultimate 
phalanx, metacarpal and subarticular tubercles absent. All 


toes with wide and grooved terminal discs, those of fourth 
toe clearly narrower than those of third Anger; no webs be¬ 
tween toes, no metatarsal tubercles, subarticular tubercles 
weakly developed; relative lengths of toes 4>5>3>2>1 
(Fig. 5a, b). A group of distinct tubercles dorsolateral of 
the tympanum and some tubercles also on flanks; throat 
and chest with small tubercles, abdomen and ventral sur¬ 
faces of extremities smooth. 

Colour of the holotype in preservative. Colour of holo¬ 
type in life unknown. In preservative ground colour of 
dorsal surfaces of head, body, upper arm, forearm, thigh 
and shank light-grey, that of hands and feet yellowish. All 
dorsal surfaces more or less densely dotted with tiny dark 
brown dots: less so on hands, feet, between eyes, on tibio- 
tarsal joint and on sacral region continued on to thighs; 
more so on all other dorsal surfaces. A scarcely visible 
pale interocular stripe and a pale, irregular stripe(s) in 
the scapular region; a similarly inconspicuous pale, ir¬ 
regular stripe along the upper flanks and a pale lumbar 
“eye-spots” (Fig. 5a). Ground colour of all ventral surfac¬ 
es yellowish and covered with more or less dense brown 
punctations. Underside of hands and feet with least punc- 
tations (Fig. 5b). 

Morphological variation in the paratypes. Measure¬ 
ments and body ratios of the type specimens are present¬ 
ed in Table 2. 

Colour in preservative of the type series: The pale 
inter-ocular stripe is more strongly expressed in the 
paratypes than in the holotype. The pale and irregular¬ 
ly shaped longitudinal line in the scapular region is also 
more strongly developed in most paratypes, and in some 
specimens it reaches the inguinal region. Ground colour 
of the dorsal surfaces in all specimens is off-white. Tiny, 
clearly demarcated brown dots are distributed on all dor¬ 
sal surfaces. These dots form clusters of small circles 
on various body parts. In addition there are light or dark 
brown spots of different shape on various parts of the dor¬ 
sal and lateral surfaces. Paler areas occur mostly on the 
snout, extremities, sacral region and upper flanks. Ground 
colour of ventral surfaces is also off-white and covered 
by many tiny brown dots. Their distribution ventrally is 
more homogenous than on dorsal surfaces, and larger 
spots are rare. Small and inconspicuous white spots occur 
on ventral surfaces of all specimens. 

Tubercles are generally few and inconspicuous on dor¬ 
sal surfaces but more conspicuous on flanks. Striking in all 
specimens studied is a tubercle directly behind the angle 
of the jaw and several tubercles in the postocular region. 

Colour in life of two paratypes (PNGNM unreg. and 
SAMA R70324): Dorsal surfaces of the former (Fig. 6) 
and of the latter (Fig. 7) exhibit a mixture of different 
colours and spots. Brownish colours with yellow marks 
dominate in the former, and reddish areas in the latter. 
One additional, unvouchered specimen for which an im¬ 
age in life is available has a more uniform grey-brown 
dorsal colouration. 
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Figure 5a. Preserved holotype of Choerophryne multisyllaba 
sp. n. in dorsal view. 



Figure 5b. Preserved holotype of Choerophryne multisyllaba 
sp. n. in ventral view. 


Table 2. Body measurements and body ratios of the type series of Choerophryne multisyllaba sp. n. SAMAR70322 is the holotype, 
all types are adult males, all measurements in mm; for explanation of abbreviations see Table 1. 


Reg.-No 

SAMA R70323 

PNGNM unreg. 

SAMA R70324 

SAMA R70322 

ZMB 8433 

ZMB 84338 

SAMA R70325 

MeaniSD 

SUL 

14.2 

14.3 

14.1 

14.9 

15.2 

14.3 

14.0 

14.4±0.45 

TL 

6.2 

6.3 

6.0 

6.5 

7.0 

6.7 

6.1 


Tal 

4.3 

4.4 

4.3 

4.5 

4.8 

4.5 

4.4 


T4L 

5.7 

5.5 

5.8 

5.5 

6.2 

5.4 

5.2 


T4D 

0.8 

0.9 

0.7 

0.8 

1.0 

0.7 

0.8 


TID 

0.7 

0.7 

0.6 

0.7 

0.9 

0.7 

0.7 


F3L 

4.3 

4.5 

4.4 

4.5 

4.6 

4.2 

4.0 


F3D 

1.2 

1.1 

0.9 

1.2 

1.3 

1.0 

0.9 


FID 

0.6 

0.7 

0.6 

0.7 

0.9 

0.7 

0.7 


HL 

4.4 

4.3 

4.4 

5.0 

4.5 

4.5 

4.2 


HW 

5.7 

5.4 

5.3 

5.8 

5.7 

5.5 

5.6 


END 

1.4 

1.4 

1.4 

1.5 

1.4 

1.4 

1.3 


IND 

1.4 

1.3 

1.2 

1.3 

1.3 

1.2 

1.3 


SL 

2.4 

2.3 

2.5 

2.5 

2.7 

2.3 

2.2 


ED 

2.0 

1.8 

2.0 

1.9 

2.0 

2.0 

2.0 


TyD 

0.8 

0.7 

0.8 

0.8 

0.6 

0.6 

0.7 


TL/SUL 

0.44 

0.44 

0.43 

0.44 

0.46 

0.47 

0.44 

0.4510.013 

TaL/SUL 

0.30 

0.31 

0.30 

0.30 

0.32 

0.31 

0.31 

0.3110.007 

T4L/SUL 

0.40 

0.38 

0.41 

0.37 

0.41 

0.38 

0.37 

0.3910.018 

T4D/SUL 

0.056 

0.063 

0.050 

0.054 

0.066 

0.049 

0.057 

0.05610.006 

F3L/SUL 

0.30 

0.31 

0.31 

0.30 

0.30 

0.29 

0.29 

0.3010.008 

F3D/SUL 

0.085 

0.077 

0.064 

0.081 

0.086 

0.070 

0.064 

0.07510.009 

T4D/F3D 

0.67 

0.82 

0.88 

0.67 

0.77 

0.70 

0.89 

0.7710.095 

TID/FID 

1.17 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.0210.064 

HL/SUL 

0.31 

0.30 

0.31 

0.34 

0.30 

0.31 

0.30 

0.3110.014 

HW/SUL 

0.40 

0.38 

0.38 

0.39 

0.38 

0.38 

0.40 

0.3910.009 

HL/HW 

0.77 

0.80 

0.83 

0.86 

0.79 

0.82 

0.75 

0.8010.037 

END/IND 

1.00 

1.08 

1.17 

1.15 

1.08 

1.17 

1.00 

1.0910.074 

ED/SUL 

0.141 

0.126 

0.142 

0.128 

0.132 

0.140 

0.143 

0.13610.007 

TyD/SUL 

0.056 

0.049 

0.057 

0.054 

0.039 

0.042 

0.050 

0.05010.007 

TyD/ED 

0.40 

0.39 

0.40 

0.42 

0.30 

0.30 

0.35 

0.3710.050 

SL/SUL 

0.169 

0.161 

0.177 

0.168 

0.178 

0.161 

0.157 

0.16710.008 
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Figure 6. Paratype PNGNM unreg. (=FN SJR2137) of Choero¬ 
phryne multisyllaba sp. n. in life. 


Distribution and ecological notes. Choerophryne multi¬ 
syllaba is currently known from two locations: the vicini¬ 
ty of the type locality at elevations between about 1,300- 
1,400 m asl on lagifu Ridge in the Agogo Range, Southern 
Highlands Province, and at 1,600 m asl at Sawetau Camp 
in the Muller Range, Western Province (05°39.397’S, 
142°18.277’E; Richards and Dahl (2011)), both in the 
central mountains of Papua New Guinea. Males call from 
hidden positions, often within curled leaves, between 1-3 
m above the ground in extremely wet, mossy forest. 

Vocalisation. Forty-six calls from the male holotype 
(SAMA R70322), recorded at an air temperature of 21.5 
°C, were analysed. The advertisement call sounds like 
a quick rattle comparable to the rattling calls of various 
Oreophryne-spQCiQS. These calls follow one another at 
short intervals of about two seconds (Fig. 8). Mean call 
length is 0.85±0.07 s, range 0.71-0.96 s. The calls con¬ 
tain 18-23 notes, mean 20.1±1.30 notes/call. Mean in¬ 
terval length between calls 2.11±0.67 s, range 1.48-4.75 
s, n=42. Call notes are unpulsed and without frequency 
modulation (Fig. 9). Mean note length 5.6±1.31 ms, range 
2-9 ms, n=174; mean internote length 34.6±9.8 ms, range 
6-63 ms, n=162. Mean note repetition rate 23.8±2.02, 
range 21.3-31.1 notes/s, n=46. Frequencies scatter most¬ 
ly between 2.5 and 4.5 kHz. The dominant frequency is at 
3.75 kHz (Fig. 10). 

Etymology. The specific epithet multisyllaba is a Latin 
feminine adjective meaning polysyllabic and refers to the 
polysyllabic advertisement call. 

Comparisons with other species. With its short snout 
Choerophryne multisyllaba differs from all twelve Choe¬ 
rophryne with an elongated snout. Most short-snouted 
Choerophryne utter buzzing, squeaking or clicking ad¬ 
vertisement calls. Choerophryne multisyllaba is the first 
whose call sounds like a rattle (similar to the rattle calls 
of various Orcqp/z^wc-species). 



Figure 7. Paratype SAMA R70324 of Choerophryne multisyl¬ 
laba sp. n. in life. 


Choerophryne crucifer differs significantly from 
C. multisyllaba in the following body ratios: HW/SUL 
(p=0.005), ED/SUL (p=0.009), TyD/SUL (p=0.015), 
TID/FID (p=0.018) and F3D/SUL (p=0.022). Moreover, 
note repetition rate ranges from 4.4 to 5.2/s in the former 
and from 21 to 31 notes/s in the latter. 

Choerophryne gudrunae has a higher ratio END/IND 
than C. multisyllaba (1.20-1.50 vs. 1.00-1.17). The ad¬ 
vertisement call of the former consists of about 10 clicks, 
those of the new species of 18-23. Note repetition rate in 
C. gudrunae is about 5 notes/s and in C. multisyllaba of 
more than 20 notes/s. 

Choerophryne gunnari has a higher ratio END/IND 
(1.25-E45 vs. EOO-1.17) and conspicuous blue pigmen¬ 
tation on the belly and hind limbs, which is absent in C. 
multisyllaba. Note repetition rate of the advertisement 
call of C. gunnari is, according to the spectrograms pub¬ 
lished by Menzies (1999, 2006), not more than 4 clicks 
per second vs. 20-30 clicks per second in C. multisyllaba. 

Choerophryne sanguinopicta is larger than C. multi¬ 
syllaba (SVL 15.4-17.4 mm vs. SUL 14.0-15.2 mm); 
its dorsum has a pale blue or green ground colour (off- 
white in C. multisyllaba) and its advertisement call is a 
very long series (several minutes) of clicks with a note 
(=call) repetition rate of less than three calls/s and a 
dominant frequency of around 4.0 kHz vs. much shorter 
series of clicks (each series lasting less than one sec¬ 
ond) with a repetition rate of more than 20 notes per 
second and a lower dominant frequency (at 3.5 kHz) in 
C. multisyllaba. 

Choerophryne valkuriarum has shorter shanks (TL/SVL 
0.37-0.44 vs. 0.43-0.47 in C. multisyllaba) and strongly 
different advertisement calls. Menzies (1999) mentioned 
the fastest rate as two clicks (=notes) per s uttered in irregu¬ 
lar series. C. multisyllaba call series are fairly regular and 
clicks are uttered at a rate of 20-30 per second. 
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Figure 8. Wave form of a series of ten calls from Choerophryne multisyllaba sp. n. 



Figure 9. Wave form (above) and spectrogram (below) of an advertisement call from Choerophryne multisyllaba sp. n. consisting 
of 22 notes. 



Figure 10. Power spectrum of an advertisement call from Choe¬ 
rophryne multisyllaba sp. n. 

Choerophryne variegata is known from a single speci¬ 
men and its advertisement call is unknown. According 
to measurements by Menzies (1999) the holotype of this 
species differs from the new one by the ratios TL/SVL 


(0.47 vs. 0.43-0.47) and END/IND (1.38 vs. 1.00-1.17) 
as well as by the presence of webbing between toes 4 and 
5 vs. no webbing at all in C. multisyllaba. 

This new species differs by its polysyllabic calls clear¬ 
ly from the next new species which utters disyllabic calls. 

Choerophryne bisyllaba sp. n. 

http://zoobank.org/7496397F-B370-4034-AFA4-B7189236E5A7 

Holotype. SAMA R70326 (FN SJR 2178), adult male, 
Dendawang Camp, Finisterre Range, Huon Peninsu¬ 
la, Morobe Province, Papua New Guinea (6°04.899’S, 
146°34.335’E; 2,400 m asl) collected on 1-10-2001 by 
S.J. Richards. 

Paratypes. SAMA R70327 (FN SJR 2179), PNGNM un- 
reg. (FN SJR 2186, 2187), ZMB 84339-84340 (FN SJR 
2188, 2190), same data as holotype; SAMA R70328- 
70330 (FN SJR 5992-4), same data as holotype but 
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collected 28-09-2001; SAMA R70331-70332 (FN SJR 
5990-5991), adjacent Teptep Village, Finisterre Range, 
Huon Peninsula, Morobe Province, Papua New Guinea 
(5°57.00’S, 146°33.60’E; 2,200 m asl) collected on 27- 
09-2001 by SJ. Riehards. 

Diagnosis. A species of the genus Choerophryne lack¬ 
ing an elongated snout. Snout-urostyle length in males 
(n=10) from 14.2-17.4 mm (mean 15.4±0.94 mm). No 
webs between fingers or toes; fifth toe longer than third; 
finger discs wider than toe discs (ratio T4D/F3D 0.70- 
0.89); shanks short (TL/SUL 0.36-0.42). Eyes medium 
sized (ED/SUE 0.115-0.141), eye-naris distance about 
same as internarial distance (END/IND 0.86-1.25). A 
brown hour-glass mark present on dorsum, with anterior 
part of mark much smaller than posterior part. Dorsal sur¬ 
faces covered with scattered tubercles in life but these be¬ 
come inconspicuous or are absent in preservative. Eower 
surfaces smooth with a mixture of small brown dots and 
larger brown spots on a yellow-grey background, throat 
more strongly pigmented than remaining ventral surfac¬ 
es. Advertisement calls consist generally of two short but 


clearly pulsed notes produced in long series, a call struc¬ 
ture that is unique for short-snouted species in the genus 
Choerophryne. Dominant frequency is at 3.5 kHz. 

Description of the holotype. Adult male with a SUE of 
14.4 mm. Additional measurements and ratios are listed in 
Table 3. Head broader than long (HE/HW 0.82); tip of snout 
truncate with a small median protuberance in dorsal view 
and truncate in lateral view; nostrils near tip of snout, direct¬ 
ed laterally and not visible from above, distance between 
nares greater than distance between eye and naris (END/ 
fND 0.92); canthus rostralis in dorsal view rounded and 
slightly bent; loreal region nearly vertical; tongue strong¬ 
ly widened posteriorly with distinct indentation, posterior 
half and sides free; prepharyngeal ridge without denticles, 
fairly long vocal slits on both sides of mouth fioor; tympa¬ 
num half size of eye, its upper margin covered by tympanic 
fold. Shanks short (TE/SUE 0.40). Fingers unwebbed and 
with broad and grooved terminal discs, their relative lengths 
3>4>2>1 (Fig. 11a, b); disc of third finger twice as wide 
as penultimate phalanx, no prominent metacarpal or subar- 
ticular tubercles. All toes with wide and grooved terminal 


Table 3. Body measurements and body ratios of the type series of Choerophryne bisyllaha sp. n. SAMA R70326 is the holotype, all 
types are adult males, except SAMAR70332 which is a subadult (?) female; all measurements in mm. 


Reg.-No 

SAMA 

R70326 

SAMA 

R70327 

PNGNM 

unreg. 

PNGNM 

unreg. 

ZMB 

84339 

ZMB 

84340 

SAMA 

R70331 

SAMA 

R70332 

SAMA 

R70328 

SAMA 

R70329 

SAMA 

R70330 

MeantSD 

SUL 

14.4 

15.1 

15.2 

16.0 

15.7 

14.5 

17.4 

15.2 

14.2 

15.4 

15.7 

15.4±0.94 

TL 

5.7 

6.2 

5.9 

6.4 

5.8 

5.2 

6.4 

6.4 

5.6 

6.4 

6.0 


TaL 

3.6 

4.1 

4.0 

4.5 

3.8 

4.0 

4.4 

4.4 

4.7 

5.2 

5.5 


T4L 

5.0 

5.2 

4.9 

5.5 

5.1 

4.8 

5.7 

5.4 

4.7 

5.2 

5.5 


T4D 

0.8 

0.8 

0.7 

0.8 

0.7 

0.7 

0.8 

0.8 

0.7 

0.8 

0.9 


TID 

0.6 

0.6 

0.5 

0.5 

0.5 

0.4 

0.7 

0.6 

0.5 

0.6 

0.7 


F3L 

3.6 

3.5 

3.5 

4.5 

3.7 

3.6 

4.3 

4.1 

3.4 

3.9 

4.4 


F3D 

0.9 

0.9 

0.8 

1.0 

1.0 

0.8 

1.0 

0.9 

0.9 

1.0 

1.0 


FID 

0.5 

0.6 

0.5 

0.5 

0.6 

0.5 

0.6 

0.5 

0.5 

0.6 

0.5 


HL 

4.7 

5.1 

4.7 

5.4 

5.2 

4.9 

5.4 

4.8 

4.5 

5.1 

5.0 


HW 

5.7 

6.0 

5.7 

6.1 

5.8 

5.5 

6.3 

5.5 

5.3 

6.2 

5.7 


END 

1.2 

1.4 

1.5 

1.7 

1.4 

1.3 

1.5 

1.4 

1.2 

1.4 

1.2 


IND 

1.3 

1.4 

1.2 

1.6 

1.2 

1.4 

1.4 

1.3 

1.3 

1.4 

1.4 


SL 

2.5 

2.3 

2.3 

2.7 

2.4 

2.2 

2.5 

2.3 

2.2 

2.5 

2.5 


ED 

1.9 

2.1 

2.0 

2.1 

2.0 

1.8 

2.0 

1.9 

2.0 

2.0 

2.0 


TyD 

0.8 

0.9 

0.8 

1.0 

0.8 

0.7 

0.8 

0.7 

0.8 

1.0 

0.8 


TL/SUL 

0.40 

0.41 

0.39 

0.40 

0.37 

0.36 

0.37 

0.42 

0.39 

0.42 

0.38 

0.39±0.020 

TaL/SUL 

0.25 

0.27 

0.26 

0.28 

0.24 

0.28 

0.25 

0.29 

0.28 

0.27 

0.27 

0.27±0.016 

T4L/SUL 

0.35 

0.34 

0.32 

0.34 

0.32 

0.33 

0.33 

0.36 

0.33 

0.34 

0.35 

0.34±0.013 

T4D/F3D 

0.056 

0.053 

0.046 

0.050 

0.045 

0.048 

0.046 

0.053 

0.049 

0.052 

0.057 

0.050±0.004 

F3L/SUL 

0.25 

0.23 

0.23 

0.28 

0.24 

0.25 

0.25 

0.27 

0.24 

0.25 

0.28 

0.25±0.018 

F3D/SUL 

0.063 

0.060 

0.053 

0.063 

0.064 

0.055 

0.057 

0.059 

0.063 

0.065 

0.064 

0.061±0.004 

T4D/F3D 

0.89 

0.89 

0.88 

0.80 

0.70 

0.88 

0.80 

0.89 

0.78 

0.80 

0.70 

0.82±0.073 

TID/FID 

1.20 

1.00 

1.00 

1.00 

0.83 

0.80 

1.17 

1.20 

1.00 

1.00 

1.40 

1.05±0.170 

HL/SUL 

0.33 

0.34 

0.31 

0.34 

0.33 

0.34 

0.31 

0.32 

0.32 

0.33 

0.32 

0.33±0.011 

HW/SUL 

0.40 

0.40 

0.38 

0.38 

0.37 

0.38 

0.36 

0.36 

0.37 

0.40 

0.36 

0.38±0.016 

HL/HW 

0.82 

0.85 

0.82 

0.88 

0.90 

0.89 

0.86 

0.87 

0.85 

0.82 

0.88 

0.86±0.029 

END/IND 

0.92 

1.00 

1.25 

1.06 

1.17 

0.93 

1.07 

1.08 

0.92 

1.00 

0.86 

1.02±0.120 

ED/SUL 

0.132 

0.139 

0.132 

0.131 

0.127 

0.124 

0.115 

0.125 

0.141 

0.130 

0.127 

0.129±0.007 

TyD/SUL 

0.056 

0.060 

0.053 

0.063 

0.051 

0.048 

0.046 

0.046 

0.056 

0.065 

0.051 

0.054±0.007 

TyD/ED 

0.42 

0.43 

0.40 

0.48 

0.48 

0.39 

0.40 

0.37 

0.40 

0.50 

0.40 

0.42±0.043 

SL/SUL 

0.174 

0.152 

0.151 

0.169 

0.153 

0.152 

0.144 

0.151 

0.155 

0.162 

0.159 

0.157±0.009 
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Figure 11a. Preserved holotype of Choerophryne bisyllaba sp. n. Figure 11b. Preserved holotype of Choerophryne bisyllaba sp. n. 
in dorsal view. in ventral view. 


discs, discs of fourth toe narrower than disc of third fin¬ 
ger (T4D/F3D 0.89), no webs between toes, no metatarsal 
tubercles or subarticular tubercles; relative lengths of toes 
4>5>3>2>1 (Fig. 11a, b). All dorsal surfaces in preservative 
smooth with only a few low tubercles, fianks with more tu¬ 
bercles; conspicuous are tubercles on distal tarsi and behind 
angle of jaw; ventral surfaces smooth except for throat and 
anterior chest that are coarsely textured. 

Colour of the holotype in preservative (Fig. 11a, b): 
Colour of holotype in life not known. In preservative 
ground colour of dorsal surfaces of head, body and ex¬ 
tremities light-grey or light brown; some dark brown 
flecks on head, in the scapular region and on extremities, 
one dark brown fleck bordered anteriorly by a yellow¬ 
ish fleck in the lumbar region, discs of fingers and toes 
yellowish and markedly less pigmented than most other 
dorsal surfaces. Conspicuous is an off-white interocular 
stripe continuing on eye lids and extending dorsolaterally 
to the lumbar fleck. This off-white stripe broadening ir¬ 
regularly in the scapular region and in combination with 
the dark brown mid-dorsum giving the impression of an 
hour-glass mark with anterior part clearly shorter than its 
posterior one. A distinct short whitish stripe between eye 
and angle of jaws. Ground colour of ventral surfaces yel¬ 
lowish. Extremities, throat and anterior chest fairly uni¬ 
form dark brown, the paler abdomen mottled with some 
small brown spots. Margin of lower lip unpigmented; 
anal region spotted with dark brown. 

Morphological variation in the preserved type speci¬ 
mens. Measurements and body ratios of the type speci¬ 
mens are presented in Table 3. Ten adult males have a SUL 


between 14.2 and 17.4 mm (mean 15.4±0.94 mm) and one 
subadult (?) female (SAMA R70332) with very small eggs 
in its ovaries measured 15.2 mm. All specimens exhibit 
a lighter or darker brown mid-dorsal patch that shows a 
clear constriction in the scapular region. There is a tenden¬ 
cy for the anterior part of this patch to be more strongly 
pigmented than the posterior one. This patch is bordered 
dorsolaterally by an irregularly shaped light grey stripe in 
all specimens. A light interocular stripe is present in all but 
one specimen. A large, pale semi-circular patch in the coc¬ 
cygeal region is present in a few specimens. Throat brown 
with small whitish spots in most specimens; abdomen in 
most specimens light grey or yellowish with brown spots, 
and inferior surfaces of legs brown with whitish spots. 
Nine of the types have a whitish longitudinal hairline in 
middle of abdomen; in some specimens this line continues 
on the throat or forms a cross in the pectoral region. 

Colour in life. Colour images taken in life are available 
for three individuals from the type series, but we are un¬ 
able to assign them to specific vouchered specimens. Two 
of these individuals are shown in Figs 12 and 13. In the 
first specimen the snout, dorsolateral stripe, lumbar spots, 
distal tarsi and heel region are light grey; anterior part 
of dorsal hourglass mark is blackish, its posterior (much 
larger) part more brownish; all dorsal surfaces with a few 
reddish sections even on basal parts of finger and toe 
discs; stripe between eye and angle of jaws striking white; 
iris silvery with blackish venation, its inner margin an or¬ 
ange oval; all dorsal surfaces and throat with small white 
dots (Fig 12). The second specimen has grey lateral sur¬ 
faces, the anterior part of the hourglass mark on dorsum 
is blackish, its posterior part a mixture of dark brown and 
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Figure 12. Paratype of Choerophryne bisyllaba sp. n. in life. 


Figure 13. Paratype of Choerophryne bisyllaba sp. n. in life. 
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Figure 14. Map showing collection localities of three new Choerophryne species. Symbols in white are type localities, those in 
black represent additional collection localities. Squares = C. crucifer, circles = C. multisyllaba, diamonds = C. bisyllaba. Elevation 
data are based on 30 m LiDAR Digital Elevation Model (DEM) data from ASTER GDEM v2 (product of METI and NASA). 
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kHz 



Figure 16. Wave form (above) and spectrogram (below) of an advertisement call from Choerophryne bisyllaba sp. n. consisting of 
two pulsed notes. 


reddish spots; reddish spots also occur around the elbows 
and heels, in the inter-ocular and the dorsolateral stripe; 
throat, lateral sides of head and lower flanks grey with 
dark grey and white dots (Fig. 13). The third specimen is 
coloured much as is illustrated in Fig. 13 with most of its 
dorsal surfaces dark brown or blackish, but conspicuous 
is a dark red diagonal stripe above insertion of forearm 
and a large dark red fleck on the coccygeal region. 

Distribution and ecological notes. Choerophryne bisyl¬ 
laba is currently known only from two locations at eleva¬ 
tions between 2,200 and 2,400 m asl in the mountains of 
the Huon Peninsula, Morobe Province, north-eastern Pa¬ 
pua New Guinea (Fig. 14). Males called from semi-con- 
cealed or exposed positions on low foliage, normally be¬ 
tween 1-2.5 m above the forest floor at night. At Teptep 
males were calling from leaves in remnant and severely 
disturbed forest patches, while at Dendawang the species 
was common in undisturbed, wet mossy forest. 


Vocalisation. The advertisement call of C. bisyllaba nor¬ 
mally consists of two notes that are uttered in long se¬ 
ries lasting up to several minutes (Fig. 15). A few calls 
were recorded that consist of only one note, and these 
were normally (but not always) early in a sequence. 
Those calls were not considered further. Two-note calls 
recorded at air temperatures of 14.8 °C to 16.4 °C were 
analysed from SAMA R70327 (n=50), SAMA R70329 
(n=13) and SAMAR70329 (n=32). Because characteris¬ 
tics of all two-note calls are similar, they were combined 
for analysis here. Mean call duration was 0.39±0.034 
s, range 0.25-0.52 s, n=95. Mean duration of intervals 
between successive calls 1.01±0.20 s, range 0.78-2.03 
s, n=94. Mean duration of the first note 34.2±7.21 ms, 
range 25-52 ms, n=46. Notes are clearly pulsed and most 
notes start with pulses of maximum sound amplitude that 
drops relatively quickly; this amplitude decrease is more 
pronounced in the second note than in the first (Fig. 16). 
Mean number of pulses in the first note 4.6±0.99, range 
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V 



Figure 17. Power spectrum of an advertisement call from Choe¬ 
rophryne bisyllaba sp. n. 


2-8, n=46. Mean duration of the second note with 
A1.1±3) .19 ms is longer than that of the first note, range 
39-54 ms, n=46. Mean number of pulses in the second 
note 7.35±0.77, range 6-8, n=46. Mean duration of inter¬ 
vals between both notes 0.30±0.039 s, range 0.15-0.35 
s, n=46. Mean note repetition rate is 5.18±0.57 notes/s, 
range 4.65-8.33 notes/s, n=95. Frequencies scatter most¬ 
ly between 2.50 and 3.75 kHz; the dominant frequency 
is at 3.50 kHz (Fig. 17), a second (lower), peak is pro¬ 
nounced at 2.9 kHz. 

Etymology. The specific epithet bisyllaba is a feminine 
Latin adjective (in accordance with the feminine genus 
name) and means disyllabic. It refers to the advertisement 
call of the species which consists predominantly of two 
notes (or syllables). 

Comparisons with other species. With its short snout 
Choerophryne bisyllaba differs from all Choerophryne 
with an elongated snout. According to Frost (2016) 
18 species of short-snouted Choerophryne are recog¬ 
nized at present. All of these have buzzing, squeaking, 
clicking or bell-like (‘peeping’) advertisement calls ex¬ 
cept C. multisyllaba with rattling calls. Choerophryne 
bisyllaba is the only species in the genus known so 
far which utters disyllabic calls with discretely pulsed 
notes. Menzies (1999) mentioned, but did not formally 
describe, a population of Choerophryne (then Alberi- 
cus) from Teptep with a ‘double-note’ call. However 
he described that species’ call as ‘bell-like’ with notes 
lasting <10 ms, and these clearly differ from calls of C. 
bisyllaba which are distinctly pulsed and notes last >25 
ms. Resolution of the taxonomic status of the Choe¬ 
rophryne population from Teptep reported by Menzies 
(1999) is not possible with the information currently 
available. 

Choerophryne variegata is known from a single speci¬ 
men, and its advertisement call is unknown. According 
to measurements by Menzies (1999) the holotype of this 
species differs from C. bisyllaba by the ratios TL/SVL 


(0.47 vs. 0.36-0.42), F3D/SVL (0.071 vs. 0.053-0.065) 
and END/IND (1.38 vs. 0.86-1.25). Moreover, toes 4 and 
5 are connected by webbing in C. variegata and not so in 
C. bisyllaba. 
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Abstract 

An annotated catalogue of the type and non-type seutigeromorph centipedes (Chilopoda: 
Scutigeromorpha) held in the Museum fur Naturkunde Berlin is presented. The collection 
includes material from throughout the world, with a focus on former German colonies. 
Notes on collectors and localities are provided where appropriate. Type material for 42 
Recent species or subspecies is present; all described in the early 20*'^ century by Karl 
Verhoeff However, only seven of these names remain valid with the other thirty-five cur¬ 
rently regarded as junior synonyms. The collection in its entirety includes material from 
nineteen currently valid species, making up about 20% of the known world fauna. The 
type of a fossil species in Eocene Baltic amber is also listed for completeness. 


Introduction 

Scutigeromorphs (Chilopoda: Scutigeromorpha) - col¬ 
loquially known as house centipedes - are distinctive, 
long-legged myriapods widely perceived as the earliest 
branching clade within the Chilopoda. In fact they are 
one of the most ancient terrestrial arthropod groups, with 
fossils known from the late Silurian (Shear et al. 1998). 
Today they are mostly found throughout warmer regions 
of the world, although Scutigera coleoptrata Linnaeus, 
1758 can show a synanthropic distribution into colder re¬ 
gions. Approximately 95 valid species are currently rec¬ 
ognized (Giribet and Edgecombe 2013), conventionally 
divided into three familes: the Neotropical-Afrotropical 
Pselliodidae, the Afro-Malagasy Scutigerinidae and the 
largely cosmopolitan Scutigeridae; the latter containing 
the bulk of the species. Phylogenetic relationships have 
been investigated by Edgecombe and Giribet (2006, 
2009) and Giribet and Edgecombe (2013). Scutigero- 
morph centipedes tend to be fast-moving animals, their 


long legs strongly adapted for running after prey. Gen¬ 
eral notes on their biology can be found in reviews such 
as Acosta (2003) and Edgecombe (2011), and references 
therein. 

Seutigeromorph types in the Museum fur Naturkunde, 
Berlin (MfN) were initially listed by Moritz and Fischer 
(1979), as part of their wider catalogue of centipede type 
material which recognized 319 types and 709 species 
across Chilopoda as a whole. The present work draws 
extensively on their efforts. Today, we have additional 
online resources - in particular the excellent ChiloBase 
2.0 (Bonato et al. 2016) - which enable us to check the 
taxonomic status of both our type and non-type material. 
In what we hope will be a series of papers on the ma¬ 
jor centipede clades, this permits us to offer a full cata¬ 
logue of the entire seutigeromorph collection with spe¬ 
cies placed according to the latest taxonomic opinions. 
Historical resources and online encyclopedias also mean 
we are now in a position to provide additional data and 
clarifications about type localities and historical notes on 
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individual collectors which were not available to Moritz 
and Fischer. 

The Berlin collection is unusual in that all 42 Recent 
scutigeromorph type series stem from a single worker, 
Karl [Carl] Verhoeff, who described them in seven pub¬ 
lications between 1904 and 1939. Among myriapodolo- 
gists it is widely recognized that Verhoeff was a ‘splitter’, 
emphasizing minor differences between specimens and 
using these to define a substantial number of species and 
subspecies. As a consequence, an unusually large per¬ 
centage (83%: 35 out of 42) of our scutigeromorph types 
have since been reinterpreted as junior synonyms and only 
seven names currently remain valid: Thereuopoda chinen- 
sis Verhoeff, 1905, Parascutigera dahli Verhoeff, 1904, 
Ballonema gracilipes Verhoeff, 1904, Podothereua insu- 
larum Verhoeff, 1905; Parascutigera noduUgerapahang- 
iensis Verhoeff, 1937, Thereuopodina tenuicornis Ver¬ 
hoeff, 1905 and Thereuonema turkestana Verhoeff, 1905. 
In fairness, Verhoeff was not alone in creating synonyms 
for scutigeromorphs. A cursory glance at the synonymy 
lists for the more common and widespread species (Bon- 
ato et al. 2016) often reveals more than a dozen names 
proposed (unnecessarily) for these distinctive animals. 

One could argue that this high level of synonymy weak¬ 
ens the overall significance of the Berlin collection, which 
at the present time (Table 1) consists of nineteen valid 
species (seven as types); or about 20% of the world fauna. 
We would argue that in fact this is an example of a thor¬ 
oughly revised collection. Excessive numbers of unrecog¬ 
nized synonyms give a misleading picture of biodiversity, 
both at a local and at a global level. Thanks to the efforts 
of Muralewitsch (1910), Wilrmli (1975a, b, 1977, 1978, 
1979, 2005), Stoev and Geoffroy (2004) and Giribet and 
Edgecombe (2013) most of these problems have hopefully 
already been addressed for the scutigeromorphs in Berlin, 
leaving us with a small but well-resolved collection which 
we hope will be valuable for studies of systematics and/ 
or biogeography. In this context, we offer the following 
data as a resource to future specialists. A record of a fossil 
scutigeromorph type in the palaeontological collections of 
the Berlin Museum is also listed for completeness. 

Methods 

Most specimens have been assigned an individual repos¬ 
itory number using our traditional acronym ZMB (for 
Zoologisches Museum Berlin). The existing Moritz and 
Fischer (1979) type data was cross-referenced with the 
original catalogue books. We also checked that the speci¬ 
mens recorded in 1979 are still present in the collection; 
only one slide was noted as being absent (see below). 
For the non-types, data were drawn directly from the ori¬ 
ginal specimen labels and/or catalogue entries. All spe¬ 
cies names were checked against ChiloBase 2.0 (Bonato 
et al. 2016). Note that type series are stored separately 
and alphabetically under their original species name; the 
current name is also provided below (see also Table 1). 
For non-types, jars were relabeled where necessary to 


reflect changes in nomenclature, but the original name 
under which the specimen(s) were catalogued is noted 
for completeness below. Eocalities are given in quotation 
marks in their original form as per the label, but were 
corrected in square brackets (as far as possible) to their 
current place name and/or country. Additional historical 
data on collectors were gathered from various museum 
internal and external resources. Citations are given in the 
‘Remarks’ sections of individual species where appropri¬ 
ate below. Specimens can be presumed to be in the al¬ 
cohol collection unless otherwise stated. In many cases 
Verhoeff made additional slide preparations and his slide 
numbers are included for reference as well. 

Catalogue of type material 

acinacifera Verhoeff, 1936 

Thereuonema acinacifera Verhoeff, 1936 

Type material. Syntype, 1$, ZMB 13173; "Palastina”; 
collector and date not recorded. 

Present name. Junior synonym of Thereuonema microsto¬ 
ma (Meinert, 1886); synonymized by Wilrmli (1975a). 

aegyptica Verhoeff, 1905 

Thereuonema syriaca var. aegyptica Verhoeff, 1905a 

Type material. Paratypes, 1(5', 1$, ZMB 3892 / 3892a- 
h (Verhoeff slide nrs 1608, 2958-2964); “Agypten” 
[Egypt]; leg. Hemprich & Ehrenberg. 

Present name. Junior synonym of Thereuonema microsto¬ 
ma (Meinert, 1886); synonymized by Wilrmli (1975a). 

Remarks. The collectors were the famous explorers 
Friedrich Wilhelm Hemprich (1796-1825) and Christian 
Gottfried Ehrenberg (1795-1876), who were active in the 
Middle East from 1820 until Hemprich’s death in 1825. 
Note that the alcohol type material of this subspecies is 
currently stored in the 'syriaca' ]m. 

amokiana Verhoeff, 1904 

Thereuonema {Thereuopoda) amokiana Verhoeff, 1904 

Type material. Syntypes, 3(5', 4$, 2 juv., ZMB 1399 / 
1399a-m (Verhoeff slide nrs 2984-2995); "Tengger Ge- 
birge, Ost Java” [Tengger massif. East Java, Indonesia]; 
leg. Fruhstorfer. 

Present name. Junior synonym of Thereuopoda longi- 
corwA (Fabricius, 1793); synonymized by Wilrmli (1979). 

Remarks. The collector was the explorer Hans Fruhstor¬ 
fer (1866-1922), also a noted entomologist specializing 
on butterflies, who was active in Java from 1890-1893. 
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Table 1. Systematic overview of the 19 currently valid species in the ZMB scutigeromorph centipede collection. * indicates a type, 
either as a valid species or a junior synonym. Species in square brackets are only present by virtue of their junior synonyms and are 
not found in the non-type collection. 

Scutigeromorpha Pocock, 1895 
Pselliodidae Chamberlin, 1955 
Sphendononema Verhoeff, 1904 

1. Sphendononema guildingii (Newport, 1845) 

= Pselliophora pulchritaris Verhoeff, 1904* 

2. Sphendononema rugosa (Newport, 1844) 

= Pselliophora annuligera Verhoeff, 1904* 

= Sphendononema annullpes Verhoeff, 1905* 

= Sphendononema camerunense Verhoeff, 1904* 

= Pselliophora maculata Verhoeff, 1905* 

= Pselliophora marmorata Verhoeff, 1905* 

= Pselliophora massaica Verhoeff, 1905* 

= Pselliophora vagans Verhoeff, 1905* 

Scutigerinidae Attems, 1926 

Scutigerina Silvestri, 1904 

3. Suctigerina weberi Silvestri, 1904 
Scutigeridae Leach, 1814 

Allothereua Verhoeff, 1905 

4. Allothereua maculata (Newport, 1844) 

Ballonema Verhoeff, 1904 

5. Ballonema gracillpes Verhoeff, 1904* 

Lassophora Verhoeff, 1905 

6. [Lassophora nossibel (de Saussure & Zehntner, 1902)] 

= Lassophora madagascarlensis Verhoeff, 1905* 

Parascut/gera Verhoeff, 1904 

7. Parascuf/gera da/?//Verhoeff, 1904* 

8. Parascutigera noduligera pahangiensis Verhoeff, 1937* 

Podothereua Verhoeff, 1905 

9. Podothereua Insularumyerboeff, 1905* 

Scutigera Lamark, 1801 

10. Scutigera coleoptrata (Linnaeus, 1758) 

= Scutigera aslaeminorls Verhoeff, 1905* 

= Scutigera coleoptera graeca Verhoeff, 1905* 

= Scutigera coleoptera insularum Verhoeff, 1905* 

= Scutigera coleoptera natalensis Verhoeff, 1905* 

= Scutigera mohamedanica Verhoeff, 1936* 

= Scutigera muscivora Verhoeff, 1905* 

= Scutigera rubrovittata Verhoeff, 1905* 

11. Scutigera rubrilineata (Newport, 1844) 

Tachythereua Verhoeff, 1905 

12. [Tachythereua hispanica (Meinert, 1886)] 

= Tachythereua maroccana Verhoeff, 1905* 

Thereuonema yerboeff, 1904 

13. [Thereuonema microstoma (Me'mert, 1886)] 

= Thereuonema acinacifera Verhoeff, 1936* 

= Thereuonema syriaca Verhoeff, 1905* 

= Thereuonema syriaca var. aegyptica Verhoeff, 1905 

14. Thereuonema tuberculata (Wood, 1862) 

= Theuropoda annulatayerboetf, 1905* 

= Thereuonema annulata spinigera var. spingera Verhoeff, 1905* 

= Therenonema dilatatlonis Verhoeff, 1936* 

= Thereuonema hilgendorfi Verhoeff, 1905* 

= Therenonema hilgendorfi var. koreana Verhoeff, 1936* 

= Theuruonema mandschuria Verhoeff, 1936* 

15. Thereuonema turkestana yerboeff, 1905* 
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Thereuopoda Verhoeff, 1904 

16. Thereuopoda clunifera (YJood, 1862) 

= Thereuopoda ferox Verhoeff, 1936* 

17. Thereuopoda chinensis yerhoeff, 1905* 

18. Thereuopoda longicornis (Fabnc'ms, 1793) 

= Thereuonema (Thereuopoda) amokiana yerboeff, 1904* 
= Theuropoda deciplens Verhoeff, 1905* 

= Theuropoda decipiens cavernIcola Verhoeff, 1937* 

= Thereuopoda flagellifera Verhoeff, 1905* 

= Thereuopoda flagellifera rangoonensis Verhoeff, 1939 
= Thereuopoda multidentata Verhoeff, 1905* 

= Theuropoda nana Verhoeff, 1905* 

= Theuropoda viridescens Verhoeff, 1937* 

7/?ereuopoc//na Verhoeff, 1905 

19. Thereuopodina tenuicornis Verhoeff, 1905* 



Figure 1. Alcohol material of scutigeromorph centipedes in the Museum fur Naturkunde Berlin, a. Overview of the type collection 
on the shelves, b. Example of ajar containing type material, Theuropoda decipiens cavernicola Verhoeff, 1937 from Malaysia - a 
junior synonym of Thereuopoda longicornis (Fabricius, 1793) - with the historical external label and red ring indicating type mate¬ 
rial. c. A syntype of the same species, now removed from the jar, with the historical internal label. Note that some legs have become 
disarticulated as happens commonly with these centipedes. 
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Figure 2. Examples of microscope slides from the Karl Verhoeff collection bearing dissected parts of the anatomy. ZMB 3840a-k, 
the complete type series of slides belonging to Parascutigera dahli Verhoeff, 1904 collected by Friederich Dahl from Ralum in 
Papua New Guinea; Verhoeff slide numbers 2824-2834. Type material in the slide collection is marked with red lines on the labels 
and usually complements alcohol material. 


annulata Verhoeff, 1905 

Theuropoda annulata Verhoeff, 1905a 

Type material. Syntypes, 16', 1$, ZMB 3899 / 3899a-e 
(Verhoeff slide nrs 1610, 2877-2880); "Tsingtau” [Qing¬ 
dao, Shandong Province, China]; leg. Glaue. 

Present name. Junior synonym of Thereuonema tuber- 
culata (Wood, 1862); synonymized by Wiirmli (1975a). 

Remarks. “Tsingtau” was a German colonial possession 
from 1898-1914. The collector may have been a naval 
officer. Dr H. Glaue, who was a student of the zoologist 
H. Korschelt from Kiel and who subsequently tried to es¬ 
tablish a biological station in Tsingtau in 1912. 

annuligera Verhoeff, 1904 

Pselliophora annuligera Verhoeff, 1904 

Type material. Syntypes, 2(6, 1$, ZMB 3837 / 3837a-r 
(Verhoeff slide nrs 2568-2583); “Tanagebiet, D. O. Afri- 
ka” [Tanzania or Kenya?]; leg. Denhardt, 23.VIII.1895. 

Present name. Junior synonym of Sphendononema ru- 
gosa (Newport, 1844); synonymized by Wiirmli (2005). 

Remarks. The collector was probably Gustav Denhardt 
(1856-1917); one of a pair of brothers who undertook seve¬ 
ral expeditions to east Africa and were active in promoting 
the exploration and use of the Tana river. Gustav was still 
in the area in 1895, his brother having returned to Germany. 
Note that the Tana region may refer to the Tana river which 
today lies within the political boundaries of Kenya. 


annulipes Verhoeff, 1905 

Sphendononema annulipes Verhoeff, 1905a 

Type material. Holotype, S, ZMB 3895 / 3895a-g (Ver¬ 
hoeff slide nrs 2835-2841); “Joh Albrechtshohe, Kamer- 
un” [Government Station Johann-Albrechts-Hohe, Cam¬ 
eroon]; leg. Conradt, 04.VIII.1896. 

Present name. Junior synonym of Sphendononema ru- 
gosa (Newport, 1844); synonymized by Wiirmli (2005). 

Remarks. The collector was Leopold Conradt (dates uncer¬ 
tain) who established the Johann-Albrechts-Hohe station in 
Cameroon during its time as a German colonial possession. 


asiaeminoris Verhoeff, 1905 

Scutigera asiaeminoris Verhoeff, 1905a 

Type material. Syntypes, 1(6, 2$, 3890 / 3890a-g (Ver¬ 
hoeff slide nrs 2690-2696); “Taurus, Cilicien” [Taurus 
Mountains, Qukurova, Turkey]; leg. Holtz 1896. 

Present name. Junior synonym of Scutigera coleoptrata 
(Linnaeus, 1758); synonymized by Muralewitsch (1910). 

camerunense Verhoeff, 1904 

Sphendononema camerunense Verhoeff, 1904 

Type material. Holotype, ( 6 , ZMB 3839 / 3839a-i (Ver¬ 
hoeff slide nrs 2842-2850); “Misahohe Kamerun” [Mis- 
sahoe, Togo]; leg. Baumann. 
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Present name. Junior synonym of Sphendononema ru- 
gosa (Newport, 1844); synonymized by Wiirmli (2005). 

Remarks. The collector was Ernst Baumann (1871-1895) 
who studied natural history before taking up a post at 
Missahoe in 1893 through the Colonial Department of 
the German Foreign Office. He collected zoological, bo¬ 
tanical and ethnological material, but contracted malaria 
and died on his return to Germany. The type locality is a 
former German ‘Kolonialstation’ and now falls within the 
political boundaries of Togo. Note that slide number 2850 
could not be found as of 2016. 

cavernicola VerhoefF, 1937 

Theuropoda decipiens cavernicola Verhoeff, 1937 

Type material. Syntype, 1$, ZMB 13178; “Malacca” 
[Malaysia]; collector and date not recorded. 

Present name. Junior synonym of Thereuopoda longi- 
corwz.s'(Fabricius, 1793); synonymized by Wiirmli (1979). 


chinensis Verhoeff, 1905 

Theuropoda (Microthereua) chinensis Verhoeff, 1905a 

Type material. Holotype, $, ZMB 3898 / 3898a-h (Ver¬ 
hoeff slide nrs 2999-3006); “Macao, Siidchina” [Macao 
Special Administrative Region of the People’s Republic 
of China]; leg. Lehmann, 08. XL 1898. 

Present name. Thereuopoda chinensis Verhoeff, 1905. 

dahli Verhoeff, 1904 

Parascutigera dahli Verhoeff, 1904 

Type material. Holotype, ZMB 3840 / 3840a-k (Ver¬ 
hoeff slide nrs 2824-2834); “Ralum, Bismark-Archipel” 
[Bismarck Archipelago, Papua New Guinea]; leg. F. Dahl. 

Present name. Parascutigera dahli Verhoeff, 1904. 

Remarks. The collector was Friedrich Dahl (1856-1929), 
a former curator of arachnids in Berlin who collected ex¬ 
tensively in the Bismark Archipelago in 1895-1896 as 
part of the ‘Ralum project’ before taking up his post in 
the Berlin museum. 

decipiens Verhoeff, 1905 

Theuropoda decipiens Verhoeff, 1905a 

Type material. Holotype, S', ZMB 2015 / 2015a-f (Ver¬ 
hoeff slide nrs 2030-3035); “Pongoor, Vorderindien” [Pang- 
kor Island, Malaysia?]; collector and date not recorded. 


Present name. Junior synonym of Thereuopoda longi- 
cornis (Tahhcms, 1793); synonymized by Wiirmli (1979). 

Remarks. There is historical to reference to a “Pongoor 
bei Malakka” which implies a type locality in the Ma¬ 
lacca State of Malaysia. It may well be an older name 
for Pangkor Island, whereby Fedor Jagor (1816-1900) is 
known to have collected material in “Pongoor” for the 
Berlin museum in 1873-1876 and again from 1890-1893. 

dilatationis Verhoeff, 1936 

Thereuonema dilatationis Verhoeff, 1936 

Type material. Syntype, \S, ZMB 13174; “Mand- 
schurei” [‘Manchuria’, northeast China]; collector and 
date not recorded. 

Present name. Junior synonym of Thereuonema tuber- 
culata (Wood, 1862); synonymized by Wiirmli (1975a). 

ferox Verhoeff, 1936 

Thereuopoda ferox Verhoeff, 1936 

Type material. Holotype. ZMB 13179; “Japan”; col¬ 
lector and date not recorded. 

Present name. Junior synonym of Thereuopoda cluni- 
fera (Wood, 1862); synonymized by Wiirmli (1979). 

flagellifera Verhoeff, 1905 

Thereuopoda flagellifera Verhoeff, 1905a 

Type material. Holotype, S, ZMB 3896 / 3896a-i (Ver¬ 
hoeff slide nrs 3036-3044); “Palgoda Lake, Ceylon” [Sri 
Lanka]; collector and date not recorded. 

Present name. Junior synonym of Thereuopoda longi- 
corwA (Fabricius, 1793); synonymised by Wiirmli (1979). 

Remarks. The type locality could be a misrepresentation 
of Bolgoda Lake, south of the capital Colombo, the larg¬ 
est natural lake in Sri Lanka. 

gracilipes Verhoeff, 1904 

Ballomena gracilipes Verhoelf, 1904 

Type material. Syntypes, 3(5', ZMB 1426 / 1426a-m 
(Verhoeff slide nrs 1716-1727); “Neu Guinea, Astro¬ 
labe-Bay” [Astrolabe Bay, Madang Province, Papua New 
Guinea]; leg. R. Rohde. 

Present name. Ballonema gracilipes Verhoeff, 1904 

Remarks. The collector could be Richard Rohde (dates 
uncertain), but a detailed biography is lacking. 
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graeca VerhoefF, 1905 

Scutigera coleoptera graeca Verhoeff, 1905a 

Type material. Syntype, 1$, ZMB 2414 / 2414a-e 
(Verhoeff slide nrs 2771-2775); “Mykonos, Cykladen” 
[Mykonos, Cyclades, Greece]; leg. v. Oertzen IV. 1887. 

Present name. Junior synonym of Scutigera coleoptrata 
Linnaeus, 1758; synonymized by Muralewitsch (1910). 

Remarks. The collector was Eberhard von Oertzen 
(1856-1908) who was a noted amateur specialist on beet¬ 
les and collected extensively in the eastern Mediterranean 
(including the Greek islands) both in 1884-1885 and 
again in 1887. The present type material obviously stems 
from his second expedition. Further biographical notes 
can be found in Vrenozi and Dunlop (2013). 

hilgendorfi Verhoeff, 1905 

Thereuonema hilgendorfi Verhoeff, 1905a 

Type material. Syntype, 1$, ZMB 1127 / 1127a (Ver¬ 
hoeff slide nr 2884); Yokohama [Japan]; leg. Martens. 
Syntypes 1381 / 1381a-f (Verhoeff slide nrs 2886-2890, 
2895); Japan; leg. Hilgendorf Syntype, 1$, s 3900 / 
3900a (Verhoeff slide nr 2885); Tokio [Tokyo, Japan]; 
leg. Brauns. Syntypes 3907 / 3907a-d (Verhoeff slide nrs 
2883, 2891-2893); Japan; leg. Hilgendorf Syntype, 1$, 
3908 / 3908a-b (Verhoeff slide nrs 2904-2905); Japan; 
leg. Hilgendorf Syntype, 1(5', 3909 /3909a-b (Verhoeff 
slide nrs 2882, 2894; Japan; leg. Hilgendorf Syntype, 
1$, 3910 / 3910a (Verhoeff slide nr. 2881); Japan; leg. 
Hilgendorf Syntypes, 3$, ZMB, 3911 /3911a-i (Ver¬ 
hoeff slide nrs 1613, 2896-2903; Japan leg. Hilgendorf 

Present name. Junior synonym of Thereuonema tuber- 
culata (Wood, 1862); synonymized by Wiirmli (1975a). 

Remarks. Eduard von Martens (1831-1904) was curator 
of molluscs at the Berlin museum and took part in the 
1860 ‘Thetis’ [or Eulenburg] Expedition to the Far East 
which included a port of call at Yokohama. Franz Hilgen¬ 
dorf (1839-1904) was another Berlin curator (for fish and 
crustaceans) and a pioneer of zoological research in Ja¬ 
pan. He was active here from 1873-1876 as a lecturer at 
the Imperial Medical Academy in Tokyo. Details about 
the third collector (Brauns) were not available. 

insularum Verhoeff, 1905 

Podothereua insularum Verhoeff, 1905b 

Type material. Syntypes; ZMB 3841-3843, 3857, 3858; 
“Ralum” [Bismarck Archipelago, Papua New Guinea]; 
leg. F. Dahl. 

Present name. Podothereua insularum Verhoeff, 1905 


Remarks. For notes on the collector see P. dahli. Moritz 
and Fischer (1979) noted that ZMB 3857 and 3858 could 
not be found at the time of writing but may have been the 
source of the Verhoeff slides numbered 2505 and 2533. 
There are also several additional Verhoeff slides (nrs 
2505-33) also from the “Ralum” type locality. They are 
not explicitly marked as types, but could potentially be¬ 
long to the type series. 

insularum Verhoeff, 1905 

Scutigera coleoptera insularum Verhoeff, 1905a 

Type material. Syntypes, 1(5, 1$, ZMB 3122 / 3122a-g 
(Verhoeff slide nrs 2781-2787); “Insel Thera” [Santorini, 
Greece]; collector and date not recorded. 

Present name. Junior synonym of Scutigera coleoptrata 
Finnaeus, 1758; synonymized by Muralewitsch (1910). 

koreana Verhoeff, 1936 

Therenonema hilgendorfi ydiX. koreana Verhoeff, 1936 

Type material. Holotype, $, ZMB 13172; Korea; collec¬ 
tor and date not recorded. 

Present name. Junior synonym of Thereuonema tubercu- 
lata (Verhoeff, 1905); synonymized by Wiirmli (1975a). 

maculata Verhoeff, 1905 

Pselliophora maculata Verhoeff, 1905a 

Type material. Holotype, ZMB 3894 / 3894a-d (Ver¬ 
hoeff slide nrs 2584-2587); “Uluguru” [Uluguru Moun¬ 
tains, Tanzania]; leg. Gotze. 

Present name. Junior synonym of Sphendononema ru- 
gosa (Newport, 1844); synonymized by Wiirmli (2005). 

Remarks. The collector could be the explorer and later 
governor of German East Africa [Tanzania], Gustav 
Adolf Graf von Gotzen (1866-1910). The expedition 
which led to this material was probably that undertaken 
from 1893-1894. 

madagascariensis Verhoeff, 1905 

Lassophora madagascariensis Verhoeff, 1905a 

Type material. Holotype, S, ZMB 3912 / 3912a-b (Ver¬ 
hoeff slide nrs 2130-2131); “Zentral-Madagaskar”; leg. 
Hildebrandt. 

Present name. Junior synonym of Lassophora nossibei 
(de Saussure & Zehntner, 1902); synonymized by Wiirm¬ 
li (1975b). Note that Giribet and Edgecombe (2013) res- 
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urrected the generic name Lassophora from synonymy 
with Scutigera. 

Remarks. The collector was the botanist and explorer 
Johann Maria Hildebrandt (1847-1881) who was active 
in Madagascar from 1880 until his death there from fe¬ 
ver in 1881. A precise locality for the type material is 
not available. 

mandschuria VerhoefF, 1936 

Theuruonema mandschuria Verhoeff, 1936 

Type material. Syntype, 1(5', ZMB 13175; “Mand- 
schurei” [‘Manchuria’, northeast China]; collector and 
date not recorded. 

Present name. Junior synonym of Thereuonema tuber- 
culata (Wood, 1862); synonymized by Wiirmli (1975a). 

marmorata Verhoeff, 1905 

Pselliophora marmorata Verhoeff, 1905a 

Type material. Syntypes, 1(5', 1$, ZMB 3838 / 3838a-l 
(Verhoeff slide nrs 2589-2598); “D. O. Afrika, Kilwa” 
[Kilwa archipelago, Tanzania]; leg. Reimer. 

Present name. Junior synonym of Sphendononema ru- 
gosa (Newport, 1844); synonymized by Wiirmli (2005). 

mar ocean a Verhoeff, 1905 

Tachythereiia maroccana Verhoeff, 1905b 

Type material. Syntypes, 1(5, 8$, ZMB 3866-68; Tan- 
ger [Tangier] (3866, 3877) and Casablanca (3868) [both 
Morocco]; leg. Quedenfeldt. 

Present name. Junior synonym of Tachythereua hispani- 
ca (Meinert, 1886); synonymized by Stoev and Geoffroy 
(2004). 

Remarks. The collector was the explorer and ethnologist 
Max Quedenfeldt (1851-1891) who was active in Mor¬ 
occo (and neighboring lands) and was widely regarded by 
contemporaries as one of the most knowledgeable people 
about this country. Material from Tangier suggests a spe¬ 
cific collecting trip made in 1885. 

massaica Verhoeff, 1905 

Pselliophora massaica Verhoeff, 1905a 

Type material. Holotype, ZMB 2528 / 2528a-c (Ver¬ 
hoeff slide nrs 2599-2601); “D. O. Afrika, Massaisteppe” 
[Tanzania]; leg. Schillings. 


Present name. Junior synonym of Sphendononema rugosa 
(Newport, 1844); synonymized by Wtirmli (2005). 

Remarks. The collector was Carl Georg Schillings (1865- 
1921), a big game hunter and explorer who collected in 
Tanzania (as German East Africa) for the Berlin Museum 
during several trips made between 1896 and 1903. 

mohamedanica Verhoeff, 1936 

Scutigera mohamedanica Verhoeff, 1936 

Type material. Syntype, $, ZMB 13171; “Palastina”; 
collector and date not recorded. 

Present name. Junior synonym of Scutigera coleoptrata 
(Linnaeus, 1758); synonymised by Wtirmli (1977). 

multidentata Verhoeff, 1905 

Thereuopoda multidentata Verhoeff, 1905b 

Type material. Holotype, ZMB 1456 / 1456a-l (Ver¬ 
hoeff slide nrs 3045-3055); “Nordborneo”; leg. Pagel. 

Present name. Junior synonym of Thereuopoda longi- 
cor«A(Fabricius, 1793); synonymized by Wiirmli (1979). 

Remarks. Pagel appears to have been a doctor who was 
based in northern Borneo from 1891-1901. Without fur¬ 
ther information it is difficult to fix the type locality to 
a country, but a northern occurrence suggests Malaysia 
rather than Indonesia. 

muscivora Verhoeff, 1905 

Scutigera muscivora Verhoeff, 1905a 

Type material. Syntypes, 2 specimens, ZMB 86 / 86a-e 
(Verhoeff slide nrs 2812-2816); “Ungarn” [Hungary]; 
collector and date not recorded. 

Present name. Junior synonym of Scutigera coleoptrata 
(Linnaeus, 1758); synonymized by Muralewitsch (1910). 

Remarks. The non-slide material is currently held in the 
dry collection. 

nana Verhoeff, 1905 

Theuropoda nanaWQrhoQS, 1905a 

Type material. Syntype, 1(5'juv., ZMB 1099 / 1099a-c 
(Verhoeff slide nrs 3058, 3061-3062); “Barabei, Borneo” 
[Barabai, Borneo, Indonesia]; leg. Grabowsky. ZMB 
1100 / llOOa-e (Verhoeff slide nrs 3056, 3057, 3059- 
3010, 3063); “Felang, Borneo” [probably Pelang, Bor¬ 
neo, Indonesia]; leg. Grabowsky. 
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Present name. Junior synonym of Thereuopoda longi- 
cornis (Fabhcius, 1793); synonymizedby Wurmli(1979). 

Remarks. The collector was the ornithologist Friedrich 
[Fritz] Grabowsky (1857-1929), who collected in Bor¬ 
neo and other localities in Southeast Asia in 1881-1882 
and later became director of the zoological gardens of 
Breslau, now Wroclaw in Poland. 

natalensis VerhoefF (1905) 

Scutigera coleoptera natalensis Verhoeff, 1905a 

Type material. Holotype, S, ZMB 3849 / 3849a-m (Ver¬ 
hoeff slide nrs 2791-2802); “Port Natal” [Durban, South 
Africa]; leg. Rabl-Riickhard. 

Present name. Junior synonym of Scutigera coleoptrata 
Linnaeus, 1758; synonymized by Muralewitsch (1910). 

Remarks. The collector could be the Berlin-based physi¬ 
cian and medical staff officer (‘Oberstabsarzt’), Hermann 
Rabl-Riickhard (1839-1905), although it’s not clear from 
available biographical details whether he visited South 
Africa. Moritz and Fischer (1979) noted that the type ma¬ 
terial was originally numbered ZMB 751, but was inad¬ 
vertently re-registered as number 3849 after being loaned 
to Verhoeff 

pahangiensis Verhoeff, 1937 

Parascutigera noduligerapahangiensis Verhoeff, 1937 

Type material. Syntypes, 1(5', 1$, ZMB 13170; “Malac¬ 
ca, (Museum Singapore)” [Malaysia]; collector and date 
not recorded. 

Present name. Parascutigera noduligera pahangiensis 
Verhoeff, 1937. 

pulchritarsis Verhoeff, 1904 

Pselliophora pulchritarsis Verhoeff, 1904 

Type material. Holotype, ZMB 1455 / 1455a-p (Ver¬ 
hoeff slide nrs 2602-2616); Haiti; collector and date not 
recorded. 

Present name. Junior synonym of Sphendononema 
guildingii (Newport, 1845); synonymized by Wiirmli 
(1978). 

Remarks. At the time of writing this species is error- 
eously databased in Chilobase as ''pulchritaris'’\ The 
original spelling in Verhoeff’s (1904: 259) paper in clear¬ 
ly '"pulchritarsis"". 


rangoonensis Verhoeff, 1939 

Thereuopoda flagellifera rangoonensis Verhoeff, 1939 

Type material. Syntype, 1(5, ZMB 13703a-e (Verhoeff 
slide nrs 4021, 4032^034); “Rangoon” [Yangon, Myan¬ 
mar]; collector and date not recorded. 

Present name. Junior synonym of Thereuopoda longi- 
corwA(Fabricius, 1793); synonymizedby Wiirmli (1979). 

Remarks. Type material consists of slide-mounted ma¬ 
terial only. 

rubrovittata Verhoeff, 1905 

Scutigera rubrovittata Verhoeff, 1905a 

Type material. Holotype, S-, ZMB 1233 / 1233a-e (Ver¬ 
hoeff slide nrs 2817-2821); “Keos, Cycladen” [Kea, Cy¬ 
clades, Greece]; leg. v. Oertzen, IV. 1887. 

Present name. Junior synonym of Scutigera coleoptrata 
(Linnaeus, 1758); synonymized by Muralewitsch (1910). 

Remarks. For notes on the collector see S. coleoptera 
graeca. 

spinigera Verhoeff, 1905 

Thereuonema annulata spinigera var. spinigera Verhoeff, 1905c 

Type material. Syntype 1(5, ZMB 1124 / 1124a-b (Ver¬ 
hoeff slide nrs 2917, 2938); Tokio [Tokyo, Japan]; leg. 
Brauns. Syntype, 1(5, ZMB 1443,1443a-k (Verhoeff slide 
nrs 2932-2936, 2942-2945); Japan; leg. Hilgendorf Syn¬ 
type 1$, ZMB 3901 / 3901a-b (Verhoeff slide nrs 2916, 
2951); Tokio [Tokyo, Japan]; leg. Brauns. Syntype, 1(5', 
3902 / 3902a-c (Verhoeff slide nrs 2926, 2931, 2937); 
Japan; leg. Hilgendorf Syntype, 1 juv. ZMB 3903 / 
3903a-e (Verhoeff slide nrs 2940-2941, 2946-2948); Ja¬ 
pan; leg. Hilgendorf Syntypes 2$, ZMB 3904 / 3904a-g 
(Verhoeff slide nrs 2918-2923);Japan; leg. Hilgendorf 
Syntype, 1 ZMB 3905 /3905a (Verhoeff slide nr. 2925); 
Japan; leg. Hilgendorf Syntype 1$, ZMB 3960 /3906a-d 
(Verhoeff slide nrs 2927-2930; Japan; leg. Hilgendorf 

Present name. Junior synonym of Thereuonema tuber- 
culata (Wood, 1862); synonymized by Wiirmli (1975a). 

Remarks. For notes on the collector Hilgendorf see T 
hilgendorfi. 

syriaca Verhoeff, 1905 

Thereuonema syriaca Verhoeff, 1905a 

Type specimen. Holotype, (5', ZMB 3891 / 3891a-g 
(Verhoeff slide nrs 2952-2957); “Nordsyrien, Amanus 
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Gebirge 500 m, Sandschirli [sicY [Sam’al, Turkey]; leg. 
Luschan 1895. 

Present name. Junior synonym of Thereuonema mi¬ 
crostoma (Meinert, 1886); synonymized by Stoev and 
Geoflfery (2004). 

Remarks. The eollector was the anthropologist and ar¬ 
chaeologist Felix von Luschan (1854-1924) who under¬ 
took excavations in Sam’al [formerly Sendschirli] which 
now lies in the Gaziantep Province of Turkey, close to the 
modem Syrian border. 

tenuicornis VerhoefF, 1905 

Thereuopodina tenuicornis Verhoeff, 1905a 

Type material. Holotype, (5^, ZMB 1452 / 1452a-e (Ver¬ 
hoeff slide nrs 3077-3078, 3080-3082); “Siidceylon, 
Panachnoll” [southern Sri Lanka]; V.1889. 

Present name. Thereuopodina tenuicornis VQxhoQ^, 1905. 

Remarks. It is not immediately clear whether “Panach¬ 
noll” refers to the type locality or, perhaps, to the col¬ 
lector. We were unable to match this word, neither to a 
modem place name in Sri Lanka, nor to an individual. 

turkestana Verhoeff, 1905 

Thereuonema turkestana Verhoeff, 1905a 

Type material. Holotype, ZMB 87 / 87 a-c (Verhoeff 
slide nrs 1615, 2982-2983); “Buchara” [Bukhara, Uz¬ 
bekistan]; leg. Eversmann. 

Present name. Thereuonema turkestana Yerhoeff, 1905. 

Remarks. The collector was Eduard Friedrich Eversmann 
(1794-1860) who visited Bukhara in 1820 and became 
a professor of natural history at the University of Kazan. 
Eversmann sent specimens to Heinrich Eichtenstein, the 
then director of the Berlin Museum which had recently been 
founded (in 1810). Thus ZMB 87, collected only ten years 
later, is one of the oldest centipedes in the collection. The 
non-slide material is currently held in the dry collection. 

vagans Verhoeff, 1905 

Pselliophora vagans Verhoeff, 1905a 

Type material. Holotype, S, ZMB 3893 / 3893a-e (Ver¬ 
hoeff slide nrs 2617-2621); “Chinchoxo” [Cabinda Prov¬ 
ince, Angola]; leg. Falkenstein, VI. 1876. 

Present name. Junior synonym of Sphendononema rugo- 
sa (Newport, 1844); synonymized by Wtirmli (2005), see 
also Stoev and Geoffrey (2004). 


Remarks. The collector was Julius Falkenstein (1842- 
1917), a military doctor who took part in the ‘Eoango 
Expedition’ of 1873-1876 to the Congo river delta under 
Paul GiiBfeldt. “Chinchoxo”, sometimes spelled Tschin- 
tschotscho, was a station on this expedition. The site of 
Chinchoxo is a few km north of the modern locality of 
Eandana, now in an enclave of Angola known as Cabinda 
Province, surrounded by both the Republic of the Congo 
to the north and the Democratic Republic of the Congo 
to the south. 

viridescens Verhoeff, 1937 

Theuropoda viridescens Verhoeff, 1937 

Type material. Syntype, 1(5', ZMB 13181; “Malacca” 
[Malaysia]; collector and date not recorded. 

Present name. Junior synonym of Thereuopoda longi- 
corwA (Fabricius, 1793); synonymized by Wtirmli (1979). 

Catalogue of non-type material 

Pselliodidae Chamberlin, 1955 
Sphendononema Verhoeff, 1904 

Sphendononema guildingii (Newport, 1845) 

Material. 1 specimen, ZMB number and locality uncer¬ 
tain; leg. ?Gollmer. 

Remarks. The number in the jar is not a ZMB catalogue 
number and the locality is, unfortunately, indecipherable. 
However, the collector could be Julius Gollmer a pharma¬ 
cist who was active in northern South America (mostly 
Venezuela) around 1856. 


Sphendononema rugosa (Newport, 1844) 

Material. 1 dry specimen (as Pselliophora vagans Ver¬ 
hoeff, 1905); “Congo”, leg. Heyne. 

Sphenodonema spp. 

Material. 3 dry specimens in poor condition (all labelled 
as Pselliophora). (a) Para, Brasil; leg Bertram, 1975. (b) 
“Ceylon” [Sri Eanka]; leg Nietner. (c) Zanzibar [Tanza¬ 
nia]; leg. Hildebrandt. 

Remarks. The collector of the Sri Eankan material was 
Johannes Nietner (1828-1874), a gardener in the botan¬ 
ical garden in Paradeniya. Note that the identification of 
the Sri Eankan specimen should be treated with caution 
(G. Edgecombe, pers. comm.) as this would represent a 
considerable range extension both for the genus and the 
family Pselliodid as a whole. 
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Figure 3. Historical dry, pinned specimens of scutigeromorph centipedes, a. ZMB 87, syntypes of Thereuonema turkestana Ver- 
hoeff, 1905 collected by Eduard Friedrich Eversmann in Bukhara in 1820. b. ZMB 88, Scutigera sp. collected by Christian Gottfried 
Ehrenberg in Egypt ca. 1820-1825. c. ZMB 89, Scutigera sp. apparently collected by Peter Simon Pallas possibly in Siberia ca. 
1768-1774. Note that the specimens in b and c bear what appear to be (unpublished) manuscript names on the original labels. 


Scutigerinidae Attems, 1926 
Suctigerina Silvestri, 1904 

Suctigerina weberi Silvestri, 1904 

Material. 2 specimens; ZMB 4674; “Rifle Range, Si- 
monstown” [Simons Town, South Africa]; leg. Deutsche 
Siidpolar-Expedition, 22.VE1903. 3 specimens; ZMB 
13754; Otiiamonaombe, Namibia; leg. Deckert, Uhlig & 
Giere; 6.-20.IV.2002 (BIOTA project); det. Vohland. 

Remarks. The “Deutsche Siidpolar-Expedition” - some¬ 
times referred to as the “GauB-Expedition” - ran from 
1901-1903 under the leadership of Erich von Drygals- 
ki. The Simons Town material was evidently collected 
during a stopover in South Africa on the return leg of the 
expedition. Silvestri (1904) described the species shortly 
afterwards, but the Berlin material does not belong to the 
type species which is cited as having come from “Zwars- 
berg” in South Africa with Max C. Weber as the collector. 
The BIOTA material stems from a major project on the 
southern African fauna and was collected by MfN staff 
members Jurgen Deckert, Manfred Uhlig and Peter Gi¬ 
ere; with identification by Katrin Vohland. 

Scutigeridae Leach, 1814 
Allothereua Verhoeff, 1905 

Allothereua maculata (Newport, 1844) 

Material. 3 specimens; ZMB 3835; “Adelaide” [Austra¬ 
lia]; leg. Zietz (or Hintz?). 1 specimen; ZMB 5140; “136 
Harvey” [Western Australia]; leg. Sud-WestAustralien Ex¬ 
pedition (Michaelsen & Hartmeyer); det. Carl von Attems; 
27.VII.1905.1 specimen; ZMB 5140; “Mundijong” [West¬ 
ern Australia]; leg. Sild-West Australien Expedition (Mi¬ 


chaelsen & Hartmeyer); det. Carl von Attems; 21.IX. 1905. 
1 specimen; ZMB 5140; “Bridgetown” [Western Austra¬ 
lia]; leg. Sild-West Australien Expedition (Michaelsen 
& Hartmeyer); det. Carl von Attems; 30/31.VIE 1905. 1 
specimen; ZMB 5140; “Brancaster” [Western Australia]; 
leg. John M. Whistler; det. Carl von Attems; 14.III. 1910. 
1 specimen; ZMB 5140; “S.W Australien”; leg. Sild-West 
Australien Expedition (Michaelsen & Hartmeyer); 1905. 1 
specimen; unnumbered; “Collie” [Western Australia]; leg. 
Sild-West Australien Expedition (Michaelsen & Hartmey¬ 
er); det. Carl von Attems; 26.VIII.1905. 

Remarks. The collector of ZMB 3835 could either be 
an A. H. Zietz who was ca. 1892-1908 Assistant Direc¬ 
tor of the South Australian Museum, Adelaide, or a Eu¬ 
gene Hintz who collected beetles and other arthropods for 
the Berlin museum. Much of the material of this species 
stems from a 1905 expedition to southwest Australia by 
Wilhelm Michaelsen (1860-1937) and Robert Hartmeyer 
(1874-1923). The latter was from 1900 an assistant (later 
from 1908 curator) in Berlin for marine groups like bryo- 
zoans and echinoderms. 

Ballonema Verhoeff, 1904 
Ballonema gracilipes Verhoeff, 1904 

Material. 1 specimen, ZMB 5382 “Sattelberg bei Finsch- 
hafen” [Sattelberg near Finschhafen, Morobe Province 
Papua New Guinea]; leg. NeuhauB, XII. 1908. 1 specimen, 
ZMB 5383 “Neu Guinea, Sepik 1570 m langN.68” [Sepik 
River, Papua New Guinea]; leg. Schultze, XI. 1910. 

Remarks. The collector of ZMB 5382 was Richard Neu- 
hauss (1855-1915) a medical doctor and anthropologist 
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who was active in New Guinea from 1908-1910. The col¬ 
lector of ZMB 5383 was Leonhard Schultze (1872-1955) 
a zoologist and anthropologist who took part in a Dutch- 
German expedition to New Guinea in 1910. Note that the 
identity of this material was confirmed in the literature by 
Butler et al. (2010: 548). 

Scutigera Lamark, 1801 

Scutigera coleoptrata (Linnaeus, 1758) 

Material. 1 dry specimen; ZMB 90; “Carolin merid.” 
[Central Carolina?, USA]; leg. Zimmerman (as S. for¬ 
ceps (Rafinesque,1820)). 1 dry specimen; unnumbered; 
“Castelnuovo” [many localities, mostly in Italy bear 
this name]; collector and date not recorded. 1 specimen; 
ZMB 1203; “Kreta” [Crete, Greece]; leg. von Oertz- 
en. ZMB 1447 (legs only); “Triest” [Italy]; leg. Muller. 
ZMB 1449 (legs only); “Dalmatia” [Croatia]; leg. B. 
Novak. 1 specimen; ZMB 1453; “Matosinhos, Por¬ 
tugal”; collector and date not recorded. 2 specimens; 
ZMB 1822; “Dalmatia” [Croatia]; leg. Mehon; 1915. 
2 specimens; ZMB 1832; “Corta [Mallorca]; det. Ver- 
hoeff 1 specimen; ZMB 2396; “Coimbra” [Portugal]; 
leg. A. Moller. 4 specimens; ZMB 2603; “Canarische 
Inseln” [Canary Islands]; leg Hintz; 15.XII. 1898.1 
specimen, ZMB 2604; “Rovigno” [Croatia] Mobius. 
1 specimen (without legs); ZMB 3845; “Canarische 
Inseln, La Palmas”; leg. Hintz, IV. 1898. 3 specimens; 
ZMB 3846; “Sirmione am Gardasee” [Sirmione, Lake 
Garda, Italy]; leg. Verhoeff 2 specimens; ZMB 3847; 
“Sirmione” [Italy]; leg. Verhoeff 1 alcohol specimen; 
ZMB 3848; “Tenerife” [Canary Islands]; leg. Hast- 
wig?. 3 specimens (as S. capensis (Templeton, 1843)); 
ZMB 4673 “Simonstown” [Simons Town, South Af¬ 
rica]; leg. Deutsche Siidpolar-Expedition, 1903. 3 
specimens; ZMB 13202; “Neapel” [Naples, Italy]; 
leg. Verhoeff. 1 specimen; ZMB 13719; Albena, Bul¬ 
garia; leg. D. Striebing, 10.VIL1984; det. M. Moritz, 
VIIL1989. 4 specimens; ZMB 13723; “Spanien, Calpe” 
[Calpe, Spain]; leg. Liidecke, 30.VI. 1993; det. Moritz, 
IV. 1993. Unnumbered (legs only);ZMB 2587 “Tener¬ 
ife” [Canary Islands]; Luckner? date uncertain. 1 speci¬ 
men; unnumbered,”Bulgarien, Kap Kaliakra” [Bulga¬ 
ria, Kaliakra]; leg. N. Jung; 17.VI. 1975. 1 specimen; 
unnumbered; “Rovigno”, [Croatia]; leg. Morbins?; 
III-IV.1993. 2 specimens; unnumbered; locality un¬ 
certain; leg. Knin, [Croatia]. VIL1928; det. Schubert 
1934. 1 specimen; unnumbered (as S. araneodes [sic]); 
“St. Catharina” [Santa Catarina Brazil]; collector and 
date not recorded. 1 specimen; unnumbered; “Gaula” 
[Madeira]; leg. H. Wendt; 15.V.1994. Numerous Ver¬ 
hoeff slides nrs. 1461-63, 1612, 2699-770, 2776-2780, 
2789-90, 2803-08 (with what may be an unpublished 
subspecies name), 2809-11 (as S. forceps), 2822-3; lo¬ 
cality and collector uncertain. 

Remarks. With respect to the dry record from Carolina, 
this predominantly southern European (but also synan- 


thropic species) is also known from the USA and several 
other places, although it is not entirely clear whether S. 
coleoptrata is native or introduced here. Most of the ma¬ 
terial is from southern Europe and the Canary Islands. 
The collectors Dirk Striebing, Sepp Eiidecke and Hella 
Wendt were all former staff members of the MIN. 


Scutigera rubrilineata (Newport, 1844) 

Material. 1 specimen (as rubrolineata); ZMB 3834; 
“Ceylon” [Sri Eanka]; collector and date not recorded. 
Thirteen Verhoeff slides (nrs. 3065-76); “Ceylon”. 

Remarks. The Sri Eankan material here was presumably 
assigned to Cermatia rubrolineata, described by Newport 
from ‘India Orientali’; the status of which is currently 
uncertain (R Stoev pers. comm., 2017). In Chilobase it 
is suggested that this species might be conspecific with 
Thereuonema microstoma (Meinert, 1886). 


Scutigera sp. 

Material. 2 specimens; ZMB 4753; “Bellana, Abyss- 
inien” [probably Ethiopia, precise locality unclear]; leg. 
C. Erlangen & O. Neumann 04.02.1900. 1 specimen; 
ZMB 5168; [Paraguay]; leg. A. Barbero; 1913. 3 speci¬ 
mens; ZMB 5137; [Palastina]; leg. Briihl; 1911/1912. 
1 specimen; unnumbered; “Dire-Daua, Manoa” [Dire 
Dawa, Ethiopia]; leg. E. Wache. 1 alcohol specimen; un¬ 
numbered; “Mte. Vipera, Dalmatia No. 907” [Sveti Ilija, 
Croatia]; .1 dry specimen unnumbered; date, collector 
and placement uncertain. 

Remarks. The Ethiopian material was collected by the 
ornithologists Carlo von Erlangen (1872-1932) and Os¬ 
car Neumann (1867-1946) who were active in East Afri¬ 
ca. The Paraguayan material may stem from the botanist 
Andres Barbero (1877-1951). Details of the other collec¬ 
tors are uncertain. 

Two additional dry specimens, ZMB 88 (“Aegypt” 
[Egypt]; leg. Ehrenberg) and ZMB 89 (“Siber?” [Sibe¬ 
ria?]; leg. Pallas are labelled with what we presume to be 
manuscript names of Scutigera under its junior synonym 
Cermatia Illiger, 1807. Neither of the species names in 
the museum catalogue could be found in Chilobase. Eh¬ 
renberg as collector is mentioned above, while Pallas is 
presumably Peter Simon Pallas (1741-1811) who car¬ 
ried out a famous collecting trip to Siberia from 1768 to 
1774 at the bequest of the Russian empress Catherine the 
Great. If this specimen does originate from this journey 
it would be a strong candidate for being the oldest speci¬ 
men in the myriapod collection; predating the founding 
of the museum in 1810. Note that Pallas lived in Berlin 
shortly before his death in 1811 and it is quite possible 
that some of his zoological material passed to the then 
newly founded museum. 
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Thereuonema VerhoefF, 1904 
Thereuonema tuberculata (Wood, 1862) 

Material. 7 specimens; ZMB 3836; “Tsingtao” [Qin¬ 
gdao, China]; leg. Glaue. 1 specimen; ZMB 4542; “Ja¬ 
pan?”; leg. Hilgendorf?; det. VerhoefF; 1905. 1 specimen; 
ZMB 13084; “Korea”; collector and date uncertain; det. 
VerhoefF 1 specimen; ZMB 13177; “Kiangsee Yangtri 
China” [probably Yangtze River, Jiangxi, China]; leg. 
Seyechenge? 2 specimens; ZMB 13758; “China Stadt- 
mauer Peking” [city wall, Beijing, China]; leg. Schoede, 
VIII. 1913; det. G. Edgecombe. Eleven Verhoeff slides 
(nrs 2965-81) “Yinghan?” 


Theuronema turkestana Verhoeff, 1905 

Material. 4 specimens. Unnumbered. “Alexandrowskaj- 
gebirge, Kappak-District, Turkestan” [Alexandrowskaja 
Mountains]; leg H. Rolle V.[19]06. 

Remarks. We could not find a precise modern equiva¬ 
lent for this locality, but older atlases indicate an “Al- 
exandergb.” mountain range which corresponds to the 
Kyrgyz Ala-Too mountains east of Eake Issyk-Kul in 
Kyrgyzstan. There is also a town of “Alexandrowskaya” 
on older maps, probably close to the modern Baikonur 
Cosmodrome (Kazakhstan), but this is in lowlands nearer 
the Aral Sea. 


Thereuonema sp. 

Material. 7 specimens; ZMB 732; [Japan]; leg. Hilgen¬ 
dorf 5 specimens; ZMB 4351; “Kiantschou, Tsingtau 
und Umgegend” [Tsingtau and surroundings, China]; leg. 
Kptlt. Glaue; (arrived in Berlin) 19.V.1905. Several Ver¬ 
hoeff slides (nr. 1614,2906-15) under what appears to be 
an invalid combination ''Thereuonema maculatd’\ 

Thereuopoda Verhoeff, 1904 
Thereuopoda clunifera (Wood, 1862) 

Material. 1 specimen; ZMB 750; “Japan”; leg. Hilgen¬ 
dorf 2 specimens; ZMB 2128; “Japan”; leg. Hilgendorf 
3 specimens; ZMB 1457; “Japan”; leg. Hilgendorf 1 
specimen; ZMB 3844; “Formosa” [Taiwan]; leg. Ha- 
berer; (arrived in Berlin 10.IX.1904). 1 specimen; ZMB 
3897; “Japan”; leg. Hilgendorf Two Verhoeff slides (nrs. 
2697-8, as Scutigera, 3007-29); Japan. 

Remarks. The collector Haberer could be the doctor and 
naturalist Karl Albert Haberer (1864-1941) who is noted 
as having been active in China and Japan around 1899. 
He collected a molar tooth in China that eventually led to 
the discovery of “Peking Man”. 


Thereuopoda longicornis (Fabricius, 1793) 

Material. 2 specimens (as S. nobilis (Templeton, 1843)); 
ZMB 93; “Ceylon” [Sri Eanka]; leg. Nietner. 3 speci¬ 
mens; ZMB 219; “Rambodde, Ceylon” [Sri Eanka]; leg. 1 
specimen (as Scutigera templetoni Humbert, 1865); ZMB 
5116; “Ceylon” [Sri Eanka] Escherich, 12.VIII.1911. 1 
dry specimen; unnumbered; locality, collector and date 
not recorded (as T. decipiens Verhoeff, 1905). 1 speci¬ 
men; ZMB 13180; “Swela, Eombok” [Indonesia]; leg. 
Sunda-Expedition Rensch; 1927. 1 specimen; ZMB 
13757; “Central Sumatra” [Indonesia]; leg. Moszkowski, 
1907; det. G. Edgecombe. 

Remarks. ZMB 5116 was discovered in a termite mound 
belonging to the species Odontotermes redemanni (Was- 
mann): “Im Hiigel von Termes redemannf \ The collector 
was the forester and entomologist Karl Escherich (1871- 
1951) who authored a work about the termites and ants of 
Sri Eanka. The collector of 13180 was Bernhard Rensch 
(1900-1990) who worked in the Berlin Museum from 
1925-1937 and took part in the 1927 Sunda Expedition. 
The collector of 13757 was Max Moszkowski, a physi¬ 
cian who travelled in Sri Eanka and Sumatra in 1907 and 
later in New Guinea. 


Scutigeromorpha indet. 

Material. 2 alcohol specimens; unnumbered; “Formosa” 
[Taiwan]; leg. Sauter. 1 alcohol specimen; unnumbered; 
[Taiwan]; leg. Sauter?; 28.XII.1907.2 alcohol specimens; 
unnumbered; “Ceylon” [Sri Eanka]; leg. H. Schoede; 
17.11.1906. 1 alcohol specimen; unnumbered; “Hogoo- 
field”; leg. Barthmann. 1 alcohol specimen; unnumbered; 
“Afrika, Darsessalam, Pangani” [Dar es Salaam, Pan- 
gani, Tanzania]; leg. Regner; 1909. 1 alcohol specimen; 
unnumbered; [Transvaal, South Africa]; leg. Ulbrich; 
V.1914. 1 alcohol specimen; unnumbered; [eastern Af¬ 
rica]; leg. Schefier; 1906. 1 alcohol specimen; unnum¬ 
bered; placement, date and collector uncertain. 1 alcohol 
specimen; unnumbered; “in totem Nest von Baninter- 
miten”; leg. Amani; 31.1.1905. 1 alcohol specimen; un¬ 
numbered; “Urwald” [jungle]; leg. Fr. Fischer. 2 alcohol 
specimens; unnumbered; leg. Gama; 23.IV. 1909. 1 al¬ 
cohol specimen; unnumbered; [Cameroon, Eake Chad]; 
leg. Riggenbach; 1909. 1 alcohol specimen; unnumbered, 
“Tabora” [Tanzania, Tabora]; leg. Zickendraht. 1 alcohol 
specimen; unnumbered; [Africa]; leg. Emmerling. 3 alco¬ 
hol specimens; unnumbered; leg. Hiigmens; VI-VII. 1901. 
2 alcohol specimens; unnumbered; “Formosa” [Taiwan]. 
2 alcohol specimens; unnumbered; [Tokyo, Japan]; leg. 
Gottsche S. 3 alcohol specimens; unnumbered; [Takao, 
Taiwan]; 16.XL 1907. 4 alcohol specimens; unnum¬ 
bered; “Funchal”; leg. W. Eiebe; 10.VIL1925. 6 alcohol 
specimens; unnumbered; [Madeira]; leg. Eiebe; 15.-20. 
VIL1924. 2 dry specimens; ZMB 5137; “Palastina, Jor- 
dantaufstelle” [Palestine]; leg. Briihl, Totes Meer Exp., 
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19.-23.XIL1911; 19.-23.XIL1912. 3 dry specimens; un¬ 
numbered; “Nisch Serbien” [Nis, Serbia]; leg. Konietzko; 
VI. 1917. 1 dry specimen; unnumbered; “Nisch Serbien” 
[Nis, Serbia]; leg. Konietzko; 4.X.1917. 1 dry specimen; 
ZMB 5138; “Herzegowina” [Herzegovina]; leg. Schuma¬ 
cher Spaney; 13.VI.1913. 

Fossil species 

illigeri Koch & Berendt, 1854 

Cermatia illigeri Koch & Berendt, 1854 

Type material. Holotype, MIN palaeontology collection 
Nr. 7317 {ex Berendt collection); Baltic amber (Eocene: 
Lutetian). 

Present name. Scutigera illigeri (Koch & Berendt, 1854). 

Remarks. The repository of another amber species de¬ 
scribed by these authors, Cermatia leachi Koch & Ber¬ 
endt, 1854, unfortunately remains equivocal. It could not 
be traced in the Berlin palaeontology collection at the 
time of writing (C. Neumann, pers. comm.). 
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Abstract 

Experimental data demonstrate that the environmental factors decreasing conductivity, 
slight variation of temperature, and water level have no influence on gonad development 
or courtship behavior in Notopterus notopterus. Spawning occurs during day time at a 
temperature of 25-28 °C. Newly spawned 3.8-4 mm adhesive eggs are guarded by the 
male until hatching. The egg envelope has external spiraling ridges, which are centered 
round the micropyle. Hatching occurs within 168-204 hours depending on temperature 
and even with some variability at 27°C constant incubation temperature. Exogenous feed¬ 
ing then starts on day 17 with a total length of 16.2 mm and yolk-sac remnants still pres¬ 
ent. The larval period lasts until day 36. Dark brown stripes appear on the body as one of 
the characteristic pigment patterns of juvenile N. notopterus at day 70 with a total length 
of around 34 mm, replacing the dotted pigment pattern of larvae and early juveniles. Eater 
again a spectacular color change to uniformly gold-bronze coloration occurs. The genital 
papilla can macroscopically be recognized at day 80. Sexual maturity of N. notopterus in 
captivity as indicated by courtship behavior is first observed in 30-month old specimens 
of both sexes of the FI generation with a total length of around 275 mm in males and 230 
mm in females, whereas this might occur at smaller size in the P generation and in natural 
environment. Generally, in N. notopterus the embryonic period lasts longer and the onset 
of the larval period starts much delayed as compared to a typical indirect or saltatory de¬ 
velopment. The larval period before onset of the juvenile period with its spectacular color 
changes, shows few discernible stages of morphological development. It is immediately a 
pterygiolarva with the jaws, branchial arches, most fins differentiated, a distinct pigmen¬ 
tation pattern and the mouth opened during the embryonic and free embryonic phases. 


Introduction 

The osteoglossiform family Notopteridae comprises four 
genera, eight better known and ten nominal species with 
mostly long and notably slender bodies occurring in trop¬ 
ical Africa and South and South-East Asia (Roberts 1992, 
Nelson 2006, Eschmeyer and Fong 2017). They are able to 
swim backwards almost equally well as forwards by undu¬ 
lation of the anal fin. If present at all, the dorsal fin is small 
and featherlike, so these fish are commonly referred to as 
“Feather backs” or “Knife fish”. Knife fish have a long 


anal fin, which conjoins with the caudal fin posteriorly and 
with the leading edge closely behind the rudimentary ven¬ 
tral fins anteriorly. The mouth has many small teeth and 
the body is covered with numerous tiny scales. The swim 
bladder remains connected to the gut and is also used for 
breathing air. This swim bladder may have four functions: 
keeping buoyancy, as a means for aerial respiration, as an 
accessory auditory organ, and as an organ for sound pro¬ 
duction (Bridge 1900, Greenwood 1963, Alexander1966). 
Notopterus notopterus (Pallas, 1769), the “Asian knife 
fish” or “Bronze featherback” and the large growing spe- 
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cies of the genus Chitala are fish from tropical South-East 
Asia. The Asian knife fish is mainly found in floodplains, 
in stagnant backwaters and ponds and even enters brack¬ 
ish waters of the river mouths. Its natural habitats are 
located in India, Pakistan, Burma, Thailand, the Malay 
Archipelago, the Philippines, Cambodia, Vietnam, Laos, 
Bangladesh, and Myanmar (Day 1889, Roberts 1992). N. 
notopterus is predominantly a carnivorous and a free wa¬ 
ter column feeder (Mustafa and Ahmed 1979, Azadi et al. 
1994). It is a much valued regional food fish. 

Reports on the reproduction of N. notopterus and no- 
topterids in general are a bit heterogeneous and fragmen¬ 
tary in the literature. Courtship and spawning activity in 
N. notopterus was observed during the day (as also in our 
case) and at a temperature of 26-28 °C. This may last for 
about seven days according to Friese (1980). In contrast, 
Pinxteren (1974) reported that spawning activity occurs 
during night in Notopterus spec, and females lay eggs on 
the ground and on stones in water of 25 °C temperature. 
Smith (1933) reported that newly spawned eggs of N. chi¬ 
tala {Chitala chitala) measured 4 mm. The eggs are at¬ 
tached to a substrate (Smith 1933, Friese 1980, Axelrod and 
Burgess 1981). The 3^ mm eggs hatched within 11 days 
according to Axelrod and Burgess (1981), whereas Friese 
(1980) mentioned that the eggs are 3.5 mm and hatched af¬ 
ter six days at 28 °C. Srivastava et al. (2012) also measured 
an egg diameter of 3.5±0.5 mm at the envelope and stated 
a hatching time of 5 to 6 days after fertilization at a tem¬ 
perature of 26±1°C. Among Notopteridae, N. notopterus 
and the Chitala species perform parental care. The males 
of N. notopterus and C. chitala guard the freshly spawned 
eggs (Smith 1933, Pinxteren 1974, Friese 1980, Axelrod 
and Burgess 1981). Xenomystus nigri apparently does not 
perform parental care (Trittelvitz 1986, Siraad 1999) and 
except Ong (1965) about the breeding biology of the Afri¬ 
can Papyrocranus species almost nothing is known. 

In the framework of a more extensive comparative 
study aimed at reproductive biology of osteoglossomorph 
fishes (Greenwood et al. 1966, Greenwood 1973) N. no¬ 
topterus was taken as one example. Despite growing at¬ 
tention in conservation and fisheries biology concerning 
the depleted natural stocks of Notopterus and Chitala 
species (Haniffa et al. 2004, Sakar et al. 2006) and a short 
description of the development (Srivastava et al. 2012), 
information on N. notopterus is still scarce and incom¬ 
plete in several respect. Therefore, we present here a de¬ 
tailed analysis of reproductive behavior, an experimental 
approach at elucidating the factors involved in breeding, 
and a normal table of development with stage descrip¬ 
tions in time series on the basis of regular breeding in 
captivity and for a broader basis of comparison with a 
phylogenetic perspective. 

Materials and methods 

A larger group of specimens of Notopterus notopterus 
originating from South-East Asia, had already been pres¬ 


ent at the Humboldt University of Berlin, before the onset 
of the study. These were nine females and five males with 
a total length of 198-269 mm and a total weight of 46 
-159 g. The additional 20 specimens (10$, 10(5') were 
purchased from a wholesale dealer (Aquarium Glaser in 
Rodgau, near Frankfurt am Main). This group consisted 
of individuals ranging from 178-248 mm in total length 
and 39-137 g total weight. Sexes of N. notopterus are dis¬ 
tinguished by the shape of the genital papillae (Weitkamp 
2005). The male’s narrow genital papilla is of reddish col¬ 
or and longer than the rudimentary pelvic fin, while the 
female’s broader one is of whitish color and shorter than 
its pelvic fin (Figs 1, 19). 

The fish were fed once a day on sliced beef heart and/ 
or frozen chironomids. 

Two tanks, one of 7001 and 4001 volume, respectively, 
were used to breed this species with sex ratios 2:1 and 
1:1 (female/male). Each tank had been disinfected before 
usage. One breeding tank was equipped with black poly¬ 
thene shreds as plant imitation or hiding places and some 
flat large stones as spawning substrates, whereas the other 
tank was supplied with two large stones and sand, cover¬ 
ing the entire bottom (Figs 4-6). 

The acclimatization period lasted about two to six 
months. This period of time was used for continuous ob¬ 
servation of the selected specimens for breeding purposes, 
controlling aggressiveness and also to create the desired 
breeding conditions. During this phase, the fish estab¬ 
lished individual territories. Moreover, the male seemed 
to choose a female partner for courtship and mating. 

Eggs, embryos and larvae were attained from ten 
spawning events. Directly after each spawning, the eggs 
were removed from the breeding tank and transferred into 
20 X 10 X 6 cm plastic jars covered with a plastic lid or 
into Petri dishes measuring 5 to 10 cm in diameter. These 
were placed in a thermostat (27 °C, no aeration system) 
until the larvae started exogenous feeding. Larvae were 
fed for the first 7 days with fresh, newly hatched Artemia 
nauplii. Subsequently on the eighth day of feeding, food 
supply was substituted by older Artemia nauplii supple¬ 
mented with small pieces of Tubifex. As the larvae grew, 
they were transferred into a small tank (20 x 20 x 20 cm) 
and provided with small pipes as hiding places. Once old¬ 
er than three months, the juvenile fish were additionally 
fed with small pieces of beef heart twice a week or alter¬ 
natively also with a mixture of sliced meat, fish, shrimp, 
and paprika bound by gelatin. 

Variation of environmental parameters to induce the 
gonad maturation was stimulated with the method de¬ 
veloped by Schugardt and Kirschbaum (2004), namely 
through manipulation of the conductivity of the water. 
Continuous decreasing conductivity was achieved by 
adding demineralized water to the water in the experi¬ 
mental tanks. The water level (WL) was kept constant 
through an overflow system. Conductivity (C) and tem¬ 
perature (T) were measured daily by using a conductiv¬ 
ity meter (WTW Tetracon 325); photoperiod was set at 
12L:12D. 
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Figure 1. A female Notopterus notopterus, total length 23 cm, Scale bar = 2 cm. 


The gonad’s maturity coefficient (MC) of dissected 
specimens measured as an index value (gonad weight/ to¬ 
tal weight-total gonad weight) x 100, was used to verify 
and evaluate the effect of environmental factors on gonad 
development. 

All photos of fertilized eggs, developmental stages 
of the embryo and larval development were made with 
two different cameras: a Leica S6E binocular fitted with a 
Canon PC 1048 micro-camera or a Canon Powershot S50, 
digital camera mounted on a Leica L2 Stereomicroscope. 
Pictures taken from the laboratory showing the represen¬ 
tative juvenile and adult fish as well as their tanks and 
in situ condition were photographed using a Canon EOS 
350D digital Camera. Standard detailed photographs and 
measurements were always taken of anesthetized spec¬ 
imens, using MS222 (Tricain-Methane-Sulfonate), buff¬ 
ered with Sodium-Bicarbonate to maintain neutral pH. 
Extensive 24 hrs life-stream filming of behavior was done 
with a webcam (AXIS 2120 Network Camera) and with 
dim red-infrared-lighting during the night, sequences cap¬ 
tured on a Dell Optiplex Workstation. The program for 
collecting sequences of 5 second intervals was developed 
by Dirk Striebing (Museum fur Naturkunde) for remote 
observation and documentation projects. All handling of 
the fishes conformed the laws and rules of the TSchG in 
the latest versions of May 18, 2006 and July 28, 2014, 
and to come nearer to natural environmental conditions 
particular care was taken to avoid any disturbing actions, 
accidents, injuries or serious intraspecific aggressiveness. 

The terminology of early ontogeny which was applied 
here is based on the concept of Balon, developed in a se¬ 
ries of publications (1975a, b, 1979, 1981, 1984, 1999). 

Results 

1. Reproduction 

A high number of successful breedings in captivity have 
been recorded that, if not prevented by forming larger 


groups, had left us almost with a marketable stock of 
Notopterus notopterus. The first two experiments are 
documented here in more detail. The first breeding ex¬ 
periment was performed with one male and two females. 
The method of variation of conductivity was based on 
experiments with polypteriforms, mormyrids and gym- 
notiforms (Kirschbaum and Schugardt 2002), which had 
shown that decreasing conductivity can elicit gonad mat¬ 
uration. A swollen belly as a sign for gonad maturation 
was seen for the first time in female No. 1, 33 days after 
the onset of the experiment. 

First time spawning occurred on day 198 of the exper¬ 
imental period, followed by 19 spawning events with ir¬ 
regular intervals (see Table 1) within a five-month period. 
Female No. 2 spent most of the time alone in the other part 
of the tank without interrupting the pair during courtship 
and spawning behavior. The three fish initially were 269 
mm ($ No. 1), 236 mm ($ No. 2), and 250 mm (S) in total 
length (TL) and varied in total weight of 99 g, 83 g and 118 
g, respectively. The acclimatization period lasted for 108 
days. On the following day the conductivity was decreased 
from 780 to 620 pS/cm (Fig. 2) to start the experiment. 

The second breeding experiment comprised one male 
(TL= 261 mm, TW = 110 g; initial data at start of the 
experiment) and one female (TL= 236 mm, TW= 83 g) 
(Fig. 3). A swollen belly of the female concurrently with 
courtship behavior was first observed on day 62. How¬ 
ever, no spawning occurred during this initial courtship 
period. Around 15 times, intense courtship behavior 
was observed mostly from 12.00 to 6.00 pm throughout 
a five-month period. However, spawning occurred only 
six times. The first spawning of this pair was found on 
day 182, around 5.30 to 7.00 pm, whereas the following 
spawnings mostly took place from 8.00 to 2.30 pm. 

Courtship behavior was regularly observed through¬ 
out the entire daytime. Overall there were five steps of 
courtship behavior observed during these breeding exper¬ 
iments: 1) The male repeatedly followed or swam along¬ 
side the female, but still the female often avoided the 


zse.pensoft.net 




302 


Yanwirsal, H. et al.: Reproduction and development of the asian bronze featherback... 


Reproductive Period 
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Figure 2. Diagram of the course of the tested environmental factors; specific conductivity (C) and temperature (T) during 339 days 
in breeding group and tank I containing two females and one male of Notopterus notopterus. 20 spawnings of the female No. 1 were 
observed within a 5-month period. The breeding experiment was started after 3 months of acclimatization period. A swollen belly 
of the female was first observed after one month (arrow). * Asterisks refer to observed spawnings. 
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Figure 3. Course of the tested environmental factors during 331 days: conductivity (C), water level (WL) and temperature (T) in 
breeding tank II containing one female and one male Notopterus notopterus. Irregular spawning intervals were observed for 6 times 
within a 6-month experimental period. The breeding experiment was started after 40 days of acclimatization. Note the first swollen 
belly of the female (Arrow). * Asterisks refer to observed spawnings. 


male, 2) Male touched the female’s belly with his mouth 
several times while the female actively swam up and 
down in front of the male, 3) Male quivered the female by 
swinging rapidly his tail against the side of the female’s 
body, to which the female reacted by swimming quickly 


to the other side of the tank and then returning directly to 
her previous position, 4) A male and a female stayed still 
in a comer of the tank until the male suddenly swam to the 
other side, 5) The male later on was actively approached 
by the female and led the female to the spawning site. 
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Figure 4. Elements of the courtship behaviour in Notopterus 
notopterus.{d) Around the spawning site the male touched the 
female’s abdomen with his mouth; (b) the pair resting together 
on the bottom; (c and d) sequences of gravel removal/nesting 
site preparation by the male. 


In the particular case of the second breeding pair, most¬ 
ly during this intense courtship behavior the male was ac¬ 
tively seen preparing a suitable spawning site, by remov¬ 
ing gravels and cleaning the spawning site with his mouth. 

The 20 successful spawning events of the first breed¬ 
ing experiment were observed during day time. The pair 
seemed ready to spawn as the female showed a swollen 
belly and the male was apparently attracted by the fe¬ 
male. Soon after the female had laid some eggs on the 
preferred substrate, the male quickly fertilized the eggs 
while the female was still nearby. When spawning was 
finished, the male remained at the spawning site, while 
the female left for the other side of the tank. The genital 
papilla of the female appeared bigger than usual during 
courtship and spawning. It is approximately 5-7 mm in 
length then. 

Regarding most of the spawning events of the first 
breeding pair, nearly all the eggs were spawned on the 
same substrate and at the same location. The eggs were 
attached to the bottom side of larger stones. Neverthe¬ 
less, in the last two spawning events of this breeding 
pair, eggs were found outside of the common area: on the 
edge of the filter (Fig. 6), even though some larger stones 
were positioned nearby. The female deposited a highly 
variable number of circa 15-225 eggs per spawning act 
and 1560 eggs as a whole during the 20 spawning acts 
(see Table 1). The second breeding pair always spawned 
underneath or nearby large stones. During six spawning 
events, the female deposited around 355 eggs in total. De¬ 
tail numbers of each spawning is presented in Table 1. 
Parental care is performed by the male. This is mainly 
aggressively defending the nest against other specimens 


Table 1. Overview of spawning events in breeding group 1 (2^, \<^) and breeding group 2 (1^, \S) comprising number of eggs 
and control of pH value per individual spawning. 


Breeding group 1 

Breeding group 2 

Spawning Nr. 

Spawning date 

Eggs # 

pH 

Spawning Nr. 

Spawning date 

Eggs # 

pH 

1 

04.01.2010 

50 

8,5 

1 

16.12.2009 

87 

6,5 

2 

11.01.2010 

68 

8,2 

2 

23.12.2009 

75 

7 

3 

19.01.2010 

90 

7,9 

3 

14.01.2010 

50 

8,2 

4 

21.01.2010 

50 

7,7 

4 

17.02.2010 

47 

7,8 

5 

02.02.2010 

50 

7,7 

5 

28.02.2010 

45 

7,6 

6 

03.02.2010 

25 

7,7 

6 

15.06.2010 

51 

6 

7 

16.02.2010 

74 

7,5 

z 


355 


8 

17.02.2010 

30 

7,5 





9 

25.02.2010 

105 

7 





10 

02.03.2010 

225 

7 





11 

12.03.2010 

113 

6,5 





12 

17.03.2010 

27 

6,5 





13 

23.03.2010 

120 

6,7 





14 

28.03.2010 

40 

7,3 





15 

29.03.2010 

180 

7,3 





16 

04.04.2010 

70 

7,6 





17 

13.04.2010 

15 

7,9 





18 

10.05.2010 

118 

8,3 





19 

17.05.2010 

30 

8 





20 

25.05.2010 

80 

7,7 





z 


1560 
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Figure 5. Spawning sequence of Notopterus notopterus during night time. Picture sequences selected from a one hour period of 
observation from automatized Webcam recordings with red to infrared-light. Egg deposition occurred in different positions, while 
the male accompanied the female in every action, (a) The male pushed gently the female’s belly with its mouth to the desirable 
spawning substrate; (b) both fish were seen floating very close to each other after the male fertilized the eggs; (c) the second spawn 
of the female followed soon after first fertilization by the male; (d) male pushes the female again to another substrate near the first 
location of spawning; (e) the male immediately fertilizes the eggs; (f) the female deposits eggs for the last time in this series. 


in the tank and guarding the eggs also against the female. 
For two days after spawning food uptake of the male was 
significantly lower. 


In N. notopterus only the left gonad is developed. For 
the purpose of evaluating gonad maturation in relation to 
size, external shape of the belly, and potential external 
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Figure 6 . Preferred spawning sites of Notopterus notopterus. 

(a) The eggs attached to the underside (double arrowhead) and 

(b) on the edge of a large stone; (c) eggs were also found on the 
edge of the filter. Scale bar = 20 mm (a); 4 mm (b); 10 mm (c). 

Table 2. Maturity coefficient (MC) of dissected Notopterus no¬ 
topterus, as related to total length (TL), total weight (TW), and 
total gonad weight (TGW) data. Bold figures give values that 
correspond to those of breeding pairs. 


No 

Sex 

TL (cm) 

TW (g) 

TGW (g) 

MC 

1 


23,7 

129,94 

0,45 

0,34 

2 


23,7 

115,44 

0,77 

0,67 

3 

(^1 

25,0 

113,6 

1,26 

1,12 

4 


27,2 

170,4 

1,26 

0,74 

5 

d'z 

26,3 

144,17 

1,09 

0,76 

6 


26,0 

156,84 

0,83 

0,53 

7 


25,5 

161,64 

1,18 

0,73 

8 

? 

24,2 

124,37 

5,68 

4,8 

9 

9 

25,2 

131,47 

7,44 

5,9 

10 

9 

24,5 

133,8 

6,54 

5,13 

11 

91 

27,0 

111,05 

8,67 

8,46 

12 

9 

21,6 

82,15 

2,76 

3,47 

13 

9 

22,8 

108,39 

5,63 

5,47 

14 

92 

23,7 

110,8 

6,03 

8,75 

15 

9 

22,1 

112,4 

7,64 

7,29 

16 

93 

23,3 

118,64 

8,3 

7,52 


triggers of reproduction, the in situ conditions of dissect¬ 
ed grown females and males were studied. Two females 
presenting an immature and a mature ovary, do show ex¬ 
tremes of the maturity coefficients (MC) of 0.68 and 8.46, 
respectively. The single ovary in female N. notopterus is 


positioned laterally of the coiled intestine in the abdomi¬ 
nal cavity on the left side of the fish. The immature ova¬ 
ry contains mostly oocytes in stadium 1 with their very 
dominant whitish color. The mature gonad of a female 
of 23 cm total length and 111.5 g weight is yellowish or¬ 
ange, occupies almost all of the space in the abdominal 
cavity, shows oocytes in different advanced stages and is 
surrounded by fat tissue. 

As a whole the MC in 16 sacrificed and dissected spec¬ 
imens of N. notopterus was determined from grown spec¬ 
imens of the P and FI generation, and did not show any 
correlation with the measured potential external factors 
of water quality, kept fairly constant in the aquaria. 

Maturity coefficient (MC) values of the specimens 
used in breeding experiment 1 at the end of the experi¬ 
mental period were 8.46 ($1), 8.75 ($2) and 1.12 ( 6 '!), 
at 26°C and decreasing conductivity (500 pS/cm) after 
a rise to 650 pS/cm corresponding to Fig. 2. Whereas in 
breeding experiment 2 (Fig. 3) the MC for the single male 
c5'2 and female $3 were 0.76 and 7.52, respectively, when 
reproduction had stopped for more than two months at 
27°C and decreasing conductivity (550 pS/cm), after a 
rise to 680 pS/cm conductivity. 

2. Early Ontogeny 

Fertilized eggs are adhesive, yellowish, and spherical 
with 3.8^ mm in diameter. The egg envelope has many 
external ridges which are centered around the micropyle 
(Figs 7, 8). Eggs were incubated at 27 °C. The terminol¬ 
ogy of the development of N. notopterus follows the sys¬ 
tem of Balon (1975). The descriptive concept is similar 
to that used in Diedhiou et al. (2007a, b). There are five 
periods of the complete ontogeny distinguished: the em¬ 
bryonic period (I), the larval period (II), the juvenile pe¬ 
riod (III), the adult period (IV) and the senescent period 
(V). The last period will not be discussed in this work due 
to the lack of information on this period in N. notopterus. 
Time of spawning is used as the time zero in age determi¬ 
nation; it is presented as hrs:min or days. 

2.1 The embryonic period 
The cleavage phase 

Stage 1: zygote-one cell. At 1:10, a discrete and distinct 
brownish pattern emerged to the top of the egg, the 
blastodisc as characteristic of bipolar differentiation. 
Beneath the blastodisc, the cytoplasm strictly joined to 
the yolk due to the formation of the prospective yolk 
syncytial layer (Fig. 9a). 

Stage 2: two-blastomere. At 2:00, the earliest cleavage 
furrow divides the blastodisc into two identical blasto- 
meres, the two-cell stage (Fig. 9b). 

Stage 3: four-blastomere. The next cleavage furrow 
yields four equivalent blastomeres and is situated in a 
right angle to the first cleavage furrow (Fig. 9c, 2:20). 
Stage 4: eight-blastomere. The third cleavage occurs at 
2:42 and produces eight blastomeres, arranged in two 
parallel rows of four cells each (Fig. 9d). 
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Figure 7. Three spawned eggs of Notopterus notopterus. (a) The egg envelope has many spiralling ridges originating from the mi- 
cropyle; (b) the micropyle (m), located above the animal pole, is clearly marked as an opening in the egg envelope of the ovulated 
egg; (c) view of an egg from the vegetal pole. Scale bar = 1 mm. 



Figure 8. Micropyle (a) and spiralling ridges (b) of the egg envelope in Notopterus notopterus at higher magnification; ev-egg 
envelope, m -micropyle. Scale bar = 1 mm. 


Stage 5: early morula -16 blastomeres. The furrows of 
the fourth cleavage are oriented roughly horizontally 
to oblique (Fig. 9e). The germ consists of 16 blasto¬ 
meres at 3:45. 

Stage 6: late morula. The fifth cleavage occurs at 4:30. 
The following cleavages develop into asynchronous 
formation of furrows producing unequal blastomeres 
in size and the germ comprises up to circa 32 blasto¬ 
meres (Fig. 9f). 

Stage 7: blastula. In specimens of this stage, at 6:25, the 
blastodisc shows a definite pebbled emergence and its 
upper exterior side forms a dome-shape. It is indeed dis¬ 
tinguished from the yolk cell by a ring-like demonstrat¬ 
ing the formation of the yolk syncytial layer (Fig. 9g). 

Stage 8: flat blastula. The blastodisc divides into two 
types of cells at 7:40. The primary cell population rec¬ 
ognized is the enveloping layer. It mostly originates 
from the superficial cells of the blastoderm that form 
an epithelial sheet with a mono-cellular layer. The deep 
layer of cells is located beneath the internal surface of 
the enveloping layer (Fig. 9h). Shortly afterwards, the 
margin of the blastoderm expands externally and the 
annular groove at the blastoderm-yolk junction van¬ 
ishes. This modification is the most noticeable sign 
indicating the start of the epiboly. 


Stage 9: late blastula. At this stage the deep cells have 
multiplied producing a multicellular layer, observed at 
8:35 to 9:00. As cleavage proceeds, cell size indeed 
declines while the cell number enhances leading to an 
advanced blastula in the limited blastodisc area. The 
blastoderm becomes opaque and firm. It also shows 
a broad and thick belt of the external yolk syncytial 
layer. The animal surface of the yolk cell underlying 
the blastoderm is flat and most of the yolk vacuoles 
are located inside. Shortly afterwards, the periphery of 
the blastoderm extends over the adjacent yolk margin 
(Fig. 9i). 

The embryonic phase 

Stage 10: epiboly, evacuation zone. Animal pole and 
vegetal pole are clearly separated from each other, 
this occurs around 16:00 h. The germ acquires again 
the circular shape with a lens-shaped blastoderm. The 
upper part of the yolk is densely packed with glob¬ 
ules. The blastoderm covers 30 % of the yolk surface 
and the margin of the blastoderm is lying just beyond 
the lower margin of the external yolk synctial layer. 
The inflated evacuation zone is covered by a single 
thin and clear mono-layered epidermal enveloping 
layer. The animal surface of the yolk sphere is flat. 
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Figure 9. Cleavage in Notopterus notopterus and blastula formation, (a) Stage 1; one cell (zygote) with forming blastodisc (bd), 
Ih: lOmin; (b) Stage 2: two blastomeres (b), at 2:00h; (c) Stage 3; four cells, 2h:20min; (d) Stage 4: eight cells, 2h;42min; (e) Stage 
5; early morula with 16 cells, 3h;45min; (f) Stage 6; asynchronous blastomeres up to circa 32 cells, 4h;30min; (g) Stage 7; blastula 
with compact knob-like blastodisc, 6h:25min; (h) Stage 8: flat blastula with expanding yolk-sac syncytium (ys), roundish mound of 
the blastoderm on the top of the yolk, 7:40; (i) Stage 9: late blastula, the surface of blastoderm appears smooth, covering part of the 
yolk, but the cells are still distinct, 8h;35min. Scale bar = 1 mm. 


The internal yolk syncytial layer gets more prominent 
beneath the extremely thin and translucent blasto¬ 
derm (Fig. 10a). 

Stage 11: 50% epiboly. The blastoderm spreading and 
covering 50 % of the yolk surface. As the blastoderm 
extends vegetally, the external yolk syncytial nuclei 
move underneath the blastoderm to distribute over the 
yolk mass. The margin of the blastoderm can be distin¬ 
guished from the germ ring (Fig. 10b, 25:15). 

Stage 12: embryonic shield. The margin of the blasto¬ 
derm further spreads over the yolk margin and a visi¬ 


ble embryonic shield emerges as a slender bulge. The 
longitudinal axis of the embryonic shield will be later 
on recognized as the prospective embryo. The evacua¬ 
tion zone seems to be dislocated from the vertical axis 
of the yolk mass (Fig. 10c, 27:00). 

Stage 13: early neurula. The embryonic shield becomes 
elongated towards the animal pole. It is formed by 
a thickening of the ectodermal epithelium to form a 
classical neural plate. A small evacuation zone is still 
present, but is not seen again after this stage (Fig. lOd, 
29:15). 
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Figure 10. Continuation of epiboly and neurulation in Notopterus notopterus. (a) Stage 10; evacuation zone (ez) at animal pole 
and the deepening of the marginal zone (mz) between the animal pole and the vegetal pole, 19h: 1 Imin; (b) Stage 11; 50 % epiboly, 
germ ring (gr) positioned in between of animal pole and vegetal pole, 25h; 15min; (c) Stage 12: embryonic shield (es) on the animal 
pole, note the micropyle (m) and the translucent evacuation zone (ez), 27h;00min; (d) Stage 13; onset of neurulation with vertical 
view, neural plate (npl), 29h: 15min; (e) Stage 14: 75 % epiboly on vertical view, note the yolk plug is mostly constricted by the flat 
and short germ ring (gr), 36h;00min; (f) Stage 14: transversal view, note the rostral (r) and caudal (c) part of the embryonic shield 
can be distinguished; (g) Stage 15: 90 % epiboly; note the reduced yolk plug (yp), 39h:10min; (h) Stage 16: latest epiboly, note 
the tiny remnant of the yolk plug (yp), vertical view; (i) Stage 16; transversal view showing the wedge-shaped neural plate and the 
rostral (r) and caudal (c) part of the embryonic shield. Arrowhead points to notochord 41h:35min. Scale bar = 1 mm. 


Stage 14: 75% epiboly and notochord-formation. The 

blastoderm has covered about 75 % of the yolk surface 
by the end of this stage. The neural folds of the pro¬ 
spective head region are elevated from the epidermal 
yolk sac cover. A notochord can be seen already at the 
midline of the neural plate and this morphologically 


defines the rostral-caudal axis of the future embryo. 
The first three somites are also visible from this stage 
onward (Fig. lOe-f, 36:00). 

Stage 15: wedge-shaped nenral plate. The blastoderm 
expands spreading and covering up to almost 90 % of 
the yolk surface, with the yolk plug obviously much 
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reduced from the previous stage. The neural plate con¬ 
tinues to extend laterally and becomes wedge-shaped 
(Fig. lOg, 39:10). 

Stage 16: latest epiboly. The blastoderm covers almost 
the entire yolk surface, leaving an exposed small yolk 
plug. The germ ring is now swollen all around. The 
primary yolk sac cavity extends further rostrally and 
caudally underneath the entire neural plate to form the 
segmentation cavity (Fig. lOh-i, 41:35). 

Stage 17: spoon-shaped embryo. Epiboly is completed 
and the yolk mass is wholly wrapped with both the 
blastoderm and the yolk syncytial layer. As neurula- 
tion proceeds, a neural groove becomes evident along 
the midline of the plate, with a widened, spoon-shaped 
depression at the anterior end. Shortly afterwards the 
neural folds have approached each other along the 
midline, which causes the neural plate to take a dumb- 
bell-shaped appearance. In the prospective head re¬ 
gion, the neural folds thicken (Fig. 11a, 48:50). 

Stage 18: early trunk-tail bud. The lateral edges of 
the neural plate are prominent and fold in toward 
the midline of the embryo, mainly in the prospective 
trunk-tail region. The majority of the caudal portion 
of the neural anlage and underlying mesoderm project 
from the epidermal yolk sac cover to form a rudimen¬ 
tary trunk-tail region. The embryo now has around 
10-13 somites. The earliest somatic muscular activ¬ 
ity occurs in the posterior trunk-tail region. The ob¬ 
served contractions were mostly weak lateral trunk- 
tail flexions. A first twitch resulting from touching the 
embryo was observed, which was mostly followed 
by a secondary reaction of several trashes of the tail 
(Fig. 11b, 51:05). 

Stage 19: tail bud-bent. This stage is characterized by 
a 90° bend of the free trunk-tail. The somites and the 
mesoderm destined for the further differentiation of 
somites are in contact at the midline above the spinal 
cord, and the mesodermal matter of the lateral plates in 
the head region grows dorsally. The embryo now has 
19-20 somites. The observed contractions were still 
mostly weak lateral trunk-tail flexions. Any disturbing 
action nearby will apparently provoke a twitch, which 
is then followed later on by a secondary backlash or 
even several thrashes of the tail. The heart tube is vis¬ 
ible. The caudal tail region of the embryo, in which 
Kupffer’s vesicle is located, is separated from the yolk 
sac and curved downward along the curvature of the 
egg envelope (Fig. lie, 84:25). 

Stage 20: otic placode aud heart-beat. The otic placode 
emerges for the first time at this stage. Contractions 
of the heart are observed. The straightening of the 
embryo and the presence of blood cells enables now 
to analyze the blood circulation in more detail. The 
yolk sac is covered by a dense plexus of anastomosing 
sub intestinal venae vitellinae. Spontaneous, vigorous, 
flexing movements of the body are common, which 
cause the embryo to rotate within the egg envelope. If 
illumination is changed, contraction frequency is in¬ 


creased for a short time. The central nervous system 
lays in a deep groove formed by the remarkably ele¬ 
vated paraxial mesoderm in the trunk-tail region and 
the prominent, densely packed mesoderm mass in the 
head region. The forming heart is seen inside the ex¬ 
tended pericardial cavity. The blood cells are circulat¬ 
ing through a system comprising in a sequential order: 
a two chambered heart, a dorsal aorta from the heart to 
the posterior limit of the yolk, a short intestinal loop, 
a subintestinal vitelline vein to the yolk sac periph¬ 
ery, and after taking a diffuse random course across 
the external surface of the yolk sac back to the heart. 
(Fig. lid, 92:25). 

Stage 21: fiu-fold. The first sign of the embryonic fin fold 
is observed here. It runs along the midline from the 
first somite caudally and encircles to the entire trunk- 
tail end. The trunk and tail region constantly perform 
thrashing movements. There are about 28 somites vis¬ 
ible at this stage. The dorsal aorta is well discernible 
in the anterior body region. The entire head region has 
significantly enlarged and shows several new features. 
A lens is formed inside the eye cup, when the choroid 
Assure is still wide open. No pigment is discerned in 
the eye yet. The lobi lineae lateralis become visible in 
the brain (111).The yolk sac is covered by a dense plex¬ 
us of anastomosing subintestinal venae vitellinae. The 
membranous embryonic fin fold becomes conspicuous 
in intense illumination (Fig. lie, 95:25). 

Stage 22: eye pigment. Diffuse pigmentation appears in 
the eye. A few small unbranched melanophores that 
contain diffuse melanine pigment are distributed all 
over the ectoderm of the head already. The muscular 
contractions of the embryo have changed into power¬ 
ful movements of the entire body by now. The vascular 
fin fold network extends over the entire fin fold. Some 
larger venae vitellinae are established at the lateral re¬ 
gion of the yolk mass surface. 48-52 pairs of somites 
were counted (Fig. Ilf, 122:05) 

Stage 23: pre-hatching. The yolk cavity is enlarged 
beyond the entire anterior part of the embryo still at¬ 
tached to the epidermal yolk sac cover. The anterior 
part of the head is slightly undercut at its Juncture 
with the epidermal yolk sac cover. At quiescent con¬ 
ditions the tip of the curved trunk-tail region reaches 
the vertical end of the head. This tip may touch or even 
pass over the head during movements. The embryo 
performs strong vigorous rotations and quivering mo¬ 
tions. These movements are sufficient to change the 
orientation of the embryo inside of the egg envelope. 
The two columns of the presumptive corpus cerebelli 
fuse dorsally in the midline, forming also a transver- 
sally widened bulge behind the Assure rhombo-mesen- 
cephalica. This bulge curves forwards, inwards, ven- 
trally and also grows caudally, forming the primitive 
cerebellar cavity. The lobi lineae lateralis are very ob¬ 
vious and start to elevate. The embryo is in a twisted 
position inside the egg-envelope due to its elongated 
body (Fig. llg, 146:50). 
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Figure 11. Embryonic development in Notopterus notopterus. (a) Stage 17, spoon shape, 48:50; nf- neural fold in the tail region; 
(b) Stage 18; early trunk-tail bud, note the remnant of the evacuation zone, 51h;05min; note somites (som) and the tail bud (tb) at 
the posterior part; (c) Stage 19: tail-bud bent; Kupffer’s vesicle (Kv) appears in the bent tail bud, 84h;00min;cc - corpus cerebelli 
around the rhombencephalic area; (d) Stage 20: otic placode (op) and heart beats (h) observed, 92h;25min; (e) Stage 21; fin-fold 
stage, 95h;25min. Note the lobilineaeliteralis (111), the otic placode (op) and the embryonic fin fold (ff). (f) Stage 22; eye pigment 
(e), 122h;05min; note the broadened fin fold (If) along the body; (g) Stage 23; “C” shape, pre-hatching embryo; note the edge of the 
caudal fin, and the lobilinealateralis (111). 146h;50min. Scale bar = 1 mm. 


The eleutheroembryonic phase , . ... 

bryos measure 10.5 mm. Despite constant temperature, 

Stage 24: hatchling. Hatching starts at about 168-204 hatching is variable among different breeding events 

hrs, 7 to 8 and 1/2 day after spawning and the free em- and even among the same egg cluster and may be a 
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process of several minutes to half an hour duration. 
The egg envelope has lost its stability, which could be 
seen by its pliable texture. The tail usually protrudes 
first and after a partial rupture of the egg envelope, 
the free embryos with the head part often still remain 
within the egg envelope for some time. The yolk sac 
measures around 3.8 mm in total length at this stage, 
often situated still inside the egg envelope. As the em¬ 
bryonic fin-fold is upright now, the development of 
the dorsal fin can be followed from this stage onward 
(Fig. 12a, 168:05). 

Stage 25: completed rupture. The egg envelope is com¬ 
pletely ruptured and the embryo is free. It usually takes 
around 20 minutes until the embryo successfully de¬ 
tached from its egg envelope. Shortly after hatching, 
the embryos rest calmly and straight on the ground. 
The eyes are completely black. The tiny, hemispheri¬ 
cal pectoral fins project from the dorsal epidermal yolk 
sac cover, and are positioned close to the heart region. 
The yolk sac still measures around 3 mm. There are 
58-62 pairs of somites observed at this stage (Fig. 12b, 
168:25). 

Stage 26: jaws and branchial arches. The head still 
remains bent downwards along the yolk sphere. The 
first mesenchymal condensations of jaws and bran¬ 
chial arches can be seen between head and yolk mass. 
Usually the yolk mass is no longer rounded, but has 
become egg shaped with a narrow posterior end. The 
yolk sac measures around 2 mm and the free embryos 
usually measure 11 mm at this stage. When the freshly 
hatched embryo is stimulated, it makes rapid, striking 
movements through which it whirls around in circles 
with the yolk-sac as a center of gravity. The early free 
embryos are still too heavy for directional movements 
(Fig. 12c, day 8). 

The Protopterygiolarval phase 

Stage 27: mouth opening. Some evident changes in the 
outer appearance and in the structure of the head can be 
easily seen. The head process has already undergone a 
significant lift. Several structures are more clearly de¬ 
fined. In particular, the heart is beginning to descend 
inside the pericardial cavity. The emergence of gills 
starts close from here. The anlagen of the dorsal and 
caudal fins appear simultaneously as denser concen¬ 
trations of mesenchyme in the fin fold. The formation 
of the first rays in the caudal fin is evident from this 
stage onward. The future swim bladder can be iden¬ 
tified. Melanophores spread out significantly not only 
on the head part but also appear for the first time on the 
trunk and tail part. The head lift and further growth and 
straightening of the head exposes the underside of the 
head. The lower jaw has straightened forward. Mouth 
opening shows a “>” shape with clear separation of 
upper and lower jaws. The central lepidotrichial rays 
of the caudal fin start to segment. The yolk sac mea¬ 
sures around 1.4 mm and the embryos measure 12 mm 
now (Fig. 12d, day 10). 


The tiny pectoral fin bud becomes ellipsoid in shape due to 
its dorso-caudal prolongation, a detail seen in Fig. 13. 
The pectoral fin is clearly larger than the eye now. 

Stage 28: progressive median fin-fold regression and 
formation of distinct fins. The dorsal and caudal fins 
lengthen over the embryonic fin fold. The continued 
regression of the dorsal median fin fold allows deter¬ 
mining the contour of the body, the dorsal, anal, and 
caudal fins. The pectoral fin anlage now is circular 
with an enlarged and indented rim. The haemal and 
hypural processes are covered by a few muscles. From 
this stage onward, the embryos become increasingly 
more mobile and are apparently attracted by accumu¬ 
lations of food organisms. The embryo is now capable 
of completely lifting its head and actively closing or 
opening its mouth. The upwards flexion of the end of 
the notochord has reached its final shape, perpendicu¬ 
lar to the longitudinal axis of the embryo. The embryo 
measures 13.6 mm and the capacity of the yolk-sac has 
decreased significantly (Fig. 14a, day 12). 

Stage 29: late embryo. The dorsal embryonic fin fold has 
significantly shrunk in height, especially in the rostral 
part. The late embryos measure 14.9 mm. The yolk sac 
remains visible. The pectoral fins are now formed with 
a proximal bud and a fan supported by 6 segmented 
lepidotrichial rays each. They are functional and used 
as in many other teleostean larvae for directional pro¬ 
pulsion. In this stage, first movements of active breath¬ 
ing of the gill cover are observed (Fig. 14b, day 14). 

2.2 The larval period 

The pterygiolarval phase 

Stage 30: exogenous feeding. The first stage of the larval 
period is characterized by exogenous feeding concur¬ 
rent with endogenous nutrient-utilization. The yolk sac 
remnant is still present but almost resorbed. The swim 
bladder appears tube-shaped and gas-filled and contin¬ 
ues to lengthen from this phase onward. The dorsal fin 
has grown showing newly developed fin-rays. The final 
shape of the caudal fin is reached by the conspicuous 
constriction and regression of the remaining dorsal fin 
fold at the caudal end of the peduncle. Melanophores 
spread over the integument. Pectoral fins are well de¬ 
veloped and very mobile. The depicted individual lar¬ 
va at this stage measures 16.2 mm (Fig. 14c, day 17). 

Stage 31: eye differentiation. The swim bladder starts to 
elongate dorso-rostrally to connect with the otic vesicle. 
The yolk sac remains are now completely resorbed. 
From this stage onward, the larvae are very mobile 
and actively hunting for food. The pigmented cornea 
of the eye has developed, the iris contrasts jet-black, 
eye movements are seen and the larvae are swimming 
closely along the bottom. The swim bladder has 
elongated a bit more and appears thinner posteriorly. An 
intense yellow-orange mass fills the gut, representing 
captured Artemia nauplii. The total length of the 
depicted individual larva is 21 mm (Fig. 14d, day24). 
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Figure 12. Hatching process and the free embryonic stages in Notopterus notopterus. (a) Stage 24: just hatched-embryo after break¬ 
ing the weak egg envelope, caudal part is relieved, anterior part still stuck in the remnant of the egg-envelope, note the emergence of 
dorsal and caudal fin anlage; yolk sac (yc) still covered with egg envelope, 168h:05min; (b) Stage 25; rupture the complete egg-en¬ 
velope and free anterior part of the embryo, 168h;25min; note the tiny pectoral fin bud (black arrowhead); (c) Stage 26; jaw and 
branchial arches formed, day 8; (d) Stage 27; mouth opening, day 10; note the emergence of the swim bladder vesicle (sb); white 
arrowheads point to gradual development of dorsal fin. Scale bar = 5 mm. 
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Figure 13. Stage 27, day 9; larger magnification (see also Fig. 12); Pfb- Pectoral fin buds; m- mesencephalon; Ij- lower jaw; 
nch - notochord; Ao - aorta dorsalis; Vsi - vena subintestinalis; Vc - vena caudalis; af - anal fin; g - gills; h - heart; lev - left 
efferent vena vitellina; ys - yolk sac. Scale bar = 2 mm. 


Stage 32: anal and candal lobe formation. The dorsal 
fin separates from the peduncular fin fold remain and 
the asymmetry of the fan of the caudal fin has become 
more conspicuous. The high number of lepidotrichia 
becomes distinct in the anal fin-fold, confluent with 
the caudal fin. The larvae usually measure 24 mm or 
more at this stage (Fig. 14e, day 36). The density of 
melanin has multiplied on the entire body, especially 
underneath the pectoral fins and the area above the in¬ 
testine. The development of the dorsal and caudal fin 
is presented in higher magnification in detail in Figs 
15 and 16 below. 

Development of dorsal, caudal and pectoral fin are almost 
synchronous and precede the differentiation of lepidotri¬ 
chia in the anal fin-fold. There is virtually no pre-anal fin 
fold and the elongate embryonic analis simply grows and 
is supplemented with ossifying lepidotrichia, radials and 
a differentiated musculature. From the last larval stage 32 
onward, the characteristic undulatory movements of the 
anal fin are performed. Still later the tiny pelvic fins appear. 


2.3 The juvenile period 

The Juvenile period of Notopterus notopterus comprises 
five stages as follows: 

Stage 33: juvenile - 1. This stage can be clearly charac¬ 
terized as a transition mark from the larval period to the 
juvenile period by its profound change in the pigmen¬ 
tation pattern. The embryonic fin folds are no longer 
visible. The swim bladder has extended caudally and 
is densely covered by melanophores. The lateral line of 
the body becomes visible, starting right behind the head 
in the opercular region at this stage. The formation of 
tube-like anterior nostrils is also starting from this stage 
onward. The body grows significantly in height and 
melanophores become denser also in the caudal part. 
Silvery-colored scales appeared on the midline of the 
anterior part of the trunk and at the base of the pectoral 
fin and caudal fin. The expansion of the stomach and 
the intestine can be clearly seen. The typical early juve¬ 
nile measures now 29 mm (Fig. 17a, day 52). 
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Figure 14. Late embryonic and larval development in Notopterus notopterus. (a) Stage 28: pronounced regression of median fin 
fold, day 12; note almost completely reduced yolk sac (ys);pectoral fin, arrow; (b) Stage 29: late embryonic phase day 14, pectoral 
fin buds of both sides seen; (c) Stage 30: beginning of larval period, extrinsic feeding, developed and gas-filled swim bladder, day 
17; (d) Stage 31: pigmented iris and cornea are very distinct, day 24; (e) Stage 32: anal and caudal lobe formation, day 36; arrow¬ 
heads point to the leading edge of the gradually developing dorsal fin. Scale bar = 5 mm. 
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Figure 15. Sequence of development of the dorsal fin starting from hatching until the end of the larval period in Notopterus no- 
topterus. (a) shortly after hatching, day 7, first mesenchyme condensation; (b) dorsal fin bud appears, day 8; (c) distinct dorsal fin 
bud and regression of embryonic fin fold, day 12; (d) well-developed dorsal fin anlage with 9 distinct radials and muscles, 7 fin 
rays, 17 days; (e) differentiated dorsal fin and regressed fin-fold of a stage 31 larva, 24 days; (f) dorsal fin in transition to a juvenile, 
8-9 differentiated lepidotrichia, 36 days. Also note the progressive folding of myomeres and strengthening of myosepta; arrowhead 
points to developing dorsal fin. Scale bar = 2 mm. 


Stage 34: juvenile - 2. At this stage the body has fully 
changed its color into “flamed” and roughly vertical¬ 
ly or ventro-cranially to dorso-caudally arranged dark 
brown stripes. There is a bit of black color at the out¬ 
er, the corneal part of the eye. This typical juvenile-2 
measures 34 mm (Fig. 17b, day 70) 

Stage 35: juvenile - 3. The body shows much stronger 
dark brownish stripes and pronounced elongation of tu¬ 
bular nostrils is apparent at the snout. The genital papil¬ 
la emerges for the first time. The depicted individual 
measures 46 mm TL (Fig. 17c, day 80). A survey of the 
development of the genital papilla is given in Fig. 19. 

Stage 36: juvenile - 4. There is once again an obvious 
change in the pigmentation pattern as compared to the 
previous stage. The striped, dark-brown coloration 
has disappeared. The whole body turns into bronze- 
gold and the scales are externally well visible from 
this stage onward. The pale remains of the dark brown 
stripes can still be recognized. The pelvic fins start to 
emerge at this stage and the depicted individual mea¬ 
sures 76 mm TL (Fig. 18a, day 92). 

Stage 37: juvenile - 5. The dorsal fln loses its trapezoidal 
shape and forms into the triangular shape of the adult. 
Uniformly golden-brown now, the specimens have at¬ 
tained the general body profile of the immature adult 
now. The genital papilla is clearly recognized behind 


the elongated pelvic fins. The depicted late juvenile in¬ 
dividual measures 145 mm TL (Fig. 18b, 18 months). 

2.4. The adult period 

Stage 38: adult. The head shape and body pigmentation 
are different from the late juvenile. From this stage on¬ 
ward, the genital papilla of the mature fish can be easi¬ 
ly differentiated between male and female by its form. 
The female’s genital papilla is whitish, broader and 
shorter, whereas the male’s is yellowish, thinner and 
longer. As turned out with experience, gonad matura¬ 
tion can be easily observed by the swollen abdomen 
and increase of appetite starting at the age of around 24 
months and showing courtship behavior in 30 month 
old fish. A survey of all development stages in N. no¬ 
topterus is presented in Table 3. 

Discussion and conclusions 

Environmental factors in reproduction. Generally it 
shall be stated here that Notopterus notopterus is by no 
means a “sluggish” fish as sometimes stated with refer¬ 
ence to the family Notopteridae. In contrast, we always 
found them alert and mobile, with a voracious appetite 
and latent aggressiveness. 
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Figure 16. Sequence of caudal fin development starting from hatching until the larval period in Notopterus notopterus. (a) shortly 
after hatching, day 7; (b) hemal spines and hypural plates (hh) emerged; note the slight regression of fin fold, day 10; (c) fin fold 
dorsally relatively lower, but intact, caudally completely replaced by 10 caudal fin rays, pterygiolarval phase, stage 30, day 20; 
(d) well-developed caudal fin in an early juvenile stage 33 in perfect continuity with the anal fin, day 36;Cfm - caudal fin mesen¬ 
chyme; ff- fin folds; cfr- caudal fin rays; cf- caudal fin; af- anal fin. Arrows indicate the approximate border between caudal and 
anal fin. Scale bar = 2 mm. 


There is no obvious reaction to the environmental 
factors (decreasing conductivity, constant water level 
and slight variation of temperature) in N. notopterus. A 
female of the breeding experiment 1 (two females and 
male), indeed showed a swollen belly before the onset of 
decreasing conductivity, according to our results a reli¬ 
able external sign of gonad maturation. Intense courtship 
behavior observed until the first spawning occurred after 
six months experimental period and one month after dras¬ 
tically decreasing and again elevated conductivity to high 
levels of around 800 pS/cm at constant water level. In 
the following series of spawning activities, no correlation 
is observed between spawning acts and changing water 
temperature (23-27°C) or conductivity values (150-660 
pS/cm). In the breeding group 2 comprising a pair of N. 
notopterus, swollen bellies as indication for gonad mat¬ 
uration and courtship behavior were seen before onset 
of aimed manipulation of the water quality and at rath¬ 


er high levels of conductivity between 450 and 650 pS/ 
cm. Courtship behavior and spawning occurs in a wide 
pH-range too, between 6.0 and 8.5 (Table 1). The influ¬ 
ence of environmental factors on gonad maturation and 
courtship behavior in N. notopterus are therefore unclear. 
Apparently endogenous factors play an important role 
predominantly in regulating gonad maturation and in pro¬ 
voking courtship behavior in this species. A master thesis 
study of Weitkamp (2005) on N. notopterus also came 
to the conclusion that none of the environmental factors 
tested (i.e. conductivity, temperature and water level) had 
significant influence on gonad maturation. Though re¬ 
production in the natural environment somehow seems 
to correlate generally to the monsoon and following time 
period (Mookerjee and Mazumdar 1946, Breder and Ros¬ 
en 1966, Mustafa and Ahmed 1979, Haniffa et al. 2004, 
Srivastava et al. 2012), we have the impression that food 
availability, nutritional condition of the individuals and 
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Figure 17. Juvenile transformation in Notopterus notopterus. (a) Stage 33; early juvenile in larger magnification, note the appear¬ 
ance of lateral line and short tubular nostrils, day 52; (b) Stage 34; stripe colored body of juvenile, day 70; (c) Stage 35; accentuated 
stripe pattern alongside the body, day 80; arrow points to the base of the developed translucent pectoral fin, barely visible; white 
arrowheads show the anterior nostrils; black arrowhead points to the genital papilla. Scale bar = 10 mm. 


isolation of breeding pairs or small breeding groups are 
the relevant factors that trigger hormonal condition of the 
fishes (De Vlaming 1974, Stacey 1989). 

Gonads and fractional spawning. N. notopterus 
possess a single gonad located on the left side of the body, 
as observed also in Xenomystus nigri and Osteoglossum 
(Nyonje 2006, Argumedo 2005, 2009). A single gonad 
is also present in Scleropages leichardtii (Merrick and 
Schmida 1984, Lake and Midgley 1970), Heterotis 
niloticus (Moreau 1974), Arapaima gigas (Fontanele 
1948, Liiling 1964), Chitala ornata (Smith 1933) and 
at least in three mormyrids Hyperopisus bebe and 
Mormyrus kannume (Nawar 1959, Scott 1973) and also in 
Hippopotamyrus pictus (Blake 1977). In addition, in the 


comparative part of this study it was also confirmed that 
Pantodon buchholzi possesses both ovaries in accordance 
with Nysten (1962). 

The presence of both ovaries is also found in the 
Mooneye Hiodon tergisus (Glenn and Williams 1976). 
Britz (2004) already concluded that presence of paired 
ovaries are the plesiomorphic condition among osteo- 
glossomorphs - and an unpaired gonad may be a synapo- 
morphy of extant Osteoglossiformes (cf. Li and Wilson 
1996, Hilton 2003). 

Similar to what Weitkamp (2005) found, the ovary of N. 
notopterus contained various stages of oocytes comprising 
stage I (primary growth) to stage IV (maturation stage) 
(based on the system of Wallace and Selman 1981). This 


zse.pensoft.net 








318 


Yanwirsal, H. et al.: Reproduction and development of the asian bronze featherback... 



Figure 18. Late juvenile to the maturation stage in Notopterus notopterus. (a) Stage 36: appearance of ventral fin, black arrowhead, 
day 92; (b) Stage 37: late stage of Juvenile with total length of 145 mm, note the change in color and the emergence of scales, 18 
months; (c) Stage 38: adult male with total length 275 mm, captured at age of 30 months; note the ventral fin (arrowhead) longer 
than the genital papilla. Scale bar = 10 mm (a); 20 mm (b); 30 mm (c). 


indicates that the species is a fractional spawner. Azadi et 
al. (1995) already demonstrated that the ovary of caught 
N. notopterus was filled with four different stages (I to IV) 
of oocytes. Among a multitude of teleostean groups with 
this style of egg development and deposition, fractional 
spawning was also observed in Pollimyrus isidori 
(Kirschbaum 1987, Kirschbaum and Schugardt 1995, 
2002), in Mormyrus rume probocirostris (Schugardt 
and Kirschbaum 2004), in fishes of the Paramormyrops 
magnostipes-covcnplox (Nguyen 2011), and inXenomystus 
nigri (Nyonje 2006). 

Spawning, eggs and parental care. This study con¬ 
firms that Notopterus notopterus is a substrate spawner 
with rather large eggs, a semitransparent adhering egg 


envelope and a yellowish yolk mass, devoid of oil glob¬ 
ules. This is in accordance with Mookerjee and Mazumdar 
(1946), Ong (1965), Pinxteren (1974), and Axelrod and 
Burgess (1981) for Notopteridae in general. Eggs are sim¬ 
ilar and substrate spawning is also performed by Chitala 
chitala (Pinxteren 1974, Axelrod and Burgess 1981).The 
adhesive egg envelope with its spiraling ridges of the zona 
radiata centered at the micropyle of the animal pole is not 
unusual among teleostean and actinopterygian fishes (Rie- 
hl and Patzner 1992, Riehl and Kokoscha 1993, Britz et al. 
1995, Bartsch and Britz 1997). The egg of N. notopterus 
has many external ridges which are centered round the 
single micropyle located at the animal pole. Mookerjee 
and Mazumdar (1946) already stated that eggs of N. no- 
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Figure 19. Development of the genital papilla of a female Notopterus notopterus, seen in various photographs at high magnification, 
(a) The emergence of genital papilla, juvenile, stage 35, total length (TL) 52 mm, day 83; note the pair of ventral fins; (b) genital 
papilla of a stage 36 juvenile with TL 100 mm, 5 months; (c) stage 36, TL=124 mm, 8 months; (d) stage 36 TL= 136 mm, 12 months; 
(e) stage 37, TL=145 mm, 18 months old specimen; (f) Mature genital papilla obviously longer than the pelvic fins, TL= 230 mm, 
24 months old adult female; significant growth of the genital papilla (white arrowhead) in between the ventral fins (arrow) and anal 
fin. Scale bar= 2 mm (a, c, e); 5 mm (b, d, f) 


topterus show a “groove like line, radiating from the mi- 
cropyle”. Based on the four classifications of micropyle 
described by Kunz (2004, modified from Riehl 1991), the 
micropyle of N. notopterus belongs to type number 1: the 
eggs surface displays a spiralling pattern of ridges par¬ 
tially ending in the micropylar region. The pattern of the 
furrows on the surface of these species is radial, running 
from the animal to the vegetal pole. The egg of the catfish 
Sturisoma aureum of the family Loricariidae (Riehl and 
Patzner 1992) and the cyprinid Barbus conchonius of the 


family Cyprinidae (Amanze and Iyengar 1990) for exam¬ 
ple, also possess a micropyle with grooves and ridges di¬ 
rected toward the micropylar canal. The chorion in two 
other osteoglossomorphs Pollimyrus isidori (Diedhiou 
et al. 2007b) and Pantodon buchholzi (Britz 2004) instead, 
appears smooth at binocular magnification. 

Preferred are stable, sheltering objects as a spawning 
site, like stones or even filter material and sand or grav¬ 
el is actively removed by the male. Some simple sort of 
parental care is perfomed by the male too in aggressively 
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Table 3. Overview of developmental stages of Notopterus notopterus (27 °C), concept of determination of stages, phases and peri¬ 
ods according to Balon (1975a, b). 


Period: Embryonic 

Phase: 

Stage 

Age (hrs:min) 

Characteristics 

Figure 


Cleavage 

1 

1:10 

Zygote-1 cell 

9a 



2 

2:00 

2 Blastomeres 

9b 



3 

2:20 

4 Blastomeres 

9c 



4 

2:42 

8 Blastomeres 

9d 



5 

3:45 

Early morula 

9e 



6 

4:30 

Late morula 

9f 



7 

6:25 

Blastula 

9g 



8 

7:40 

Flat blastula 

9h 



9 

8:35 

Late blastula 

9i 


Embryonic 

10 

19:11 

Evacuation zone 

10a 



11 

25:15 

Epiboly 50% 

10b 



12 

27:00 

Embryonic shield 

10c 



13 

29:15 

Early neurula 

lOd 



14 

36:00 

Epiboly 75% 

lOe-f 



15 

39:10 

Wedge-shaped neural plate 

lOg 



16 

41:35 

Latest epiboly 

lOh-i 



17 

48:50 

Spoon-shaped 

11a 



18 

51:05 

Early trunk-tail bud 

11b 



19 

84:00 

Tail bud bent 

11c 



20 

92:25 

Otic placode and heart beat 

lid 



21 

95:25 

Fin fold 

lie 



22 

122:05 

Eye pigment 

Ilf 


Eleutheroembryonic 

23 

146:50 

Pre-hatching stage 

llg 



24 

168:05 

Hatching stage 

12a 



25 

168:25 

Completed rupture of egg envelope 

12b 


Protopterygio“larval“ 

26 

day 8 

Jaw and branchial arches 

12c 



27 

day 10 

Mouth opening 

12d 



28 

day 12 

Pinfold regression 

14a 



29 

day 14 

Late embryonic 

14b 

Larval 

Pterygiolarval 

30 

day 17 

Exogenous feeding 

14c 



31 

day24 

Developed eye 

14d 



32 

day36 

Caudal and anal lobe 

14e 

Juvenile 


33 

day52 

Juvenile 1 

17a 



34 

day70 

Juvenile 2 

17b 



35 

day80 

Juvenile 3 

17c 



36 

day92 

Juvenile 4 

18a 



37 

18months 

Juvenile 5 

18b 

Adult 


38 

30months 

Adult 

18c 


protecting the eggs against intruders. Parental care was 
reported by other authors in Notopteridae (Smith 1933, 
Pinxteren 1974, Axelrod and Burgess 1981, Friese 1980). 
Both Chitala ornata and Chitala chitala are also reported 
to show parental care of their adhesive eggs. The male 
guards the eggs attached to different substrates (Smith 
1933, Southwell and Prashad 1919). Trittelvitz (1986) 
and Siraad (1999) assume that there was no parental care 
in Xenomystus nigri. 

Spawning in N. notopterus in our case occurs mostly 
during day time, with few observed exceptions. Friese 
(1980) also reported that spawning in N. notopterus tends 
to occur in the early morning. In contrast. Smith (1933) and 
Pinxteren (1974) reported spawning in Chitala and No¬ 
topterus spec, occurs mainly at night. It seems that spawn¬ 
ing in N. notopterus may occur at any time of the day or 
night with a preference for morning and evening time. 


In this study the number of eggs per spawning in N. 
notopterus varied from 15-225 eggs. Some previous 
authors reported number of eggs per spawning in No¬ 
topteridae between, 50 eggs (Ong 1965 in Papyrocra- 
nus (Notopterus) afer), up to 90 eggs (Pinxteren 1974) 
in Notopterus spec, and around 30-100 eggs (Axelrod 
and Burgess 1981) in A. notopterus. A higher number 
of eggs compared to N. notopterus were found in Chita¬ 
la chitala, 300-500 eggs (Southwell and Prashad 1919) 
and up to 3500 in large sized C. ornata (Smith 1933). 
In Xenomystus nigri, the number of eggs per spawn¬ 
ing varies around 40-60 (Trittelvitz 1986). The new¬ 
ly spawned eggs of N. notopterus in this study were 
3.8-4.0 mm in diameter. This is a bit larger, but roughly 
in accordance with Friese (1980) and Axelrod and Bur¬ 
gess (1981) and also confirms a recent study of Srivas- 
tava et al. (2012). 
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Ontogenetic development. There is nothing very 
special observed and to be discussed in the earliest em¬ 
bryonic development up to hatching as compared to oth¬ 
er teleostean fish and typically telolecithal eggs. There 
are, however, some interesting differences to literature 
data and discrepancies to an ideally saltatory devel¬ 
opment scheme that have to be noted. In this study it 
has been shown that N. notopterus hatched at 7 days 
(168 hrs) after spawning at a constant temperature of 
27 °C, resulting in 4536 deg x hrs with some variabil¬ 
ity of several hours within the same egg-clutch.This 
was prolonged up to 8 and 1/2 day (204 hrs) in lower 
temperature basins at 23°C (4692 deg x hrs). This is a 
bit different and mostly longer than what other authors 
found: 5-6 days after spawning at 26-28 °C (Srivas- 
tava et al. 2012); 5-6 days after spawning (Pinxteren 
1974) and after 7 days of spawning (Axelrod and Bur¬ 
gess 1981) at not exactly known temperature; in 6 days 
after spawning at 28 °C (Friese 1980). In Chitala chi- 
tala hatching occurred around five days after spawning 
(Hossain 1999, Radheshyam and Sarangi 2005). 

In this study, free embryos of N. notopterus, directly 
after hatching, measured 10.5 mm in total length, which 
however, is much longer to what Axelrod and Burgess 
(1981) found. According to them newly hatched N. no¬ 
topterus measured only 7 mm. Just hatched embryos of 
N. notopterus measured 8.3 mm in total length according 
to Mookerjee and Mazumdar (1946) and were 8.0±0.5 
mm long (Srivastava et al. 2012). In other notopterids, 
free embryos of Chitala chitala measured 13.8 mm 
(Southwell and Prashad 1919) and 12 mm in C. ornata 
(Smith, 1933). 

A variable hatching size of embryos is often also re¬ 
ported in other osteoglossomorphs and teleost fishes, 
and the size at hatching is certainly infiuenced by envi¬ 
ronmental factors such as temperature and oxygen lev¬ 
el (Hamor and Garside 1979, Heming 1982, Penaz et al. 
1983). However, we are not sure, what is the reason for 
this large size difference as compared to the literature 
data, except these had been measured in fixated state. As 
judged from the figures, but not explicitly stated in the 
method section and no scale-bar given, the latter seems 
to be the case in Srivastava et al. (2012). Otherwise one 
could speculate about different reproductive styles in dif¬ 
ferent populations of N. notopterus. 

According to our results and characteristics, hatch¬ 
lings of N. notopterus are rather large and several mor¬ 
phological differentiations occur during the embryonic 
and eleutheroembryonic phase already as compared 
to several other known osteoglossomorphs and osteo- 
glossiforms. Eye pigmentation in N. notopterus com¬ 
mences within the egg envelope when five or six days 
old. In contrast, in Pollimyrus isidori (Diedhiou et al. 
2007b), first indicators of eye pigment emerged only 
on the fourth day after hatching. Eye pigment is seen 
a few hours after hatching in P. adspersus (Diedhiou et 
al. 2007a), in Petrocephalus soudanensis (Kirschbaum 
2006) and in fishes of the Paramormyrops magnosti- 


/>e^-complex (Nguyen 2011). The onset of melanophore 
formation in the integument of N. notopterus emerges 
around the forehead prior to hatching, at the age of five 
to six days. In mormyrids, the first melanophores appear 
in Pollimyrus isidori the day after hatching in the dor¬ 
sal head epidermis (Diedhiou et al. 2007b). In fishes of 
the Paramormyrops magnostipes-complQ'i^, black mela¬ 
nophores develop one day after hatching on the top of 
the head (Nguyen 2011). In Pantodon buchholzi, black 
melanophores were observed for the first time on areas 
of the head, on the body and in a reticulate pattern on the 
dorsal region of the yolk-sac (Britz 2004). The free em¬ 
bryos of Hiodon alosoides lack melanophores complete¬ 
ly, although occasionally melanophores could appear on 
the mid-dorsal surface (Battle and Sprules 1960, Wal- 
lus 1990). As for Hiodon tergisus, Johnson (1951) and 
Snyder and Douglas (1978) reported that some branched 
melanophores appeared a few days after hatching, dis¬ 
tributed on the ventral half of the yolk sac. 

The development of pectoral, dorsal, anal and caudal 
fins starts prior to the onset of exogenous feeding in N. 
notopterus. This is similar to Pollimyrus isidori, P. ad¬ 
spersus (Diedhiou et al. 2007a, 2007b) and also Pant¬ 
odon buchholzi (Britz, 2004). In three other mormyrids 
Campylomormyrus tamandua, Petrocephalus soudanen¬ 
sis and Hippopotamyrus pictus, the dorsal and anal fins 
emerge later, during the larval period (Diedhiou et al. 
2007b). Differentiation and lepidotrichia formation of the 
dorsal and anal fins, however, is much advanced in N. 
notopterus at the onset of extrinsic feeding, as compared 
to all these species. Generally, in N. notopterus the em¬ 
bryonic period lasts longer and the onset of the larval pe¬ 
riod starts much delayed as compared to a typical indirect 
or saltatory development (Hubbs 1926, Balon 1979). The 
larval period also lasts long before shifting to the juvenile 
period in N. notopterus, but with few discernible stages 
it is immediately a pterygiolarva with the jaws, branchial 
arches, most fins differentiated, a distinct pigmentation 
pattern and the mouth opened long before, from the em¬ 
bryo of stage 22 onwards. In the larval phase only final 
obliteration of the embryonic fin-fold and completion of 
the larval and first juvenile pigmentation pattern occurs. 
Onset of extrinsic feeding at stage 30 overlaps with com¬ 
plete resorption of the yolk-sac at stage 31, several days 
later. The larval period is then followed by the long juve¬ 
nile growth period starting on day 51 and lasting until the 
age of 18 months with two pronounced changes in color 
and habits. 

Possessing a large yolk sac allows the embryos to 
instantly structure the whole suite of permanent organs 
without being required to modify any temporal larval 
structures (Balon 1984). Egg size and size of the embryo 
at hatching in N. notopterus is shown to be not that dimin¬ 
utive as in typical textbook examples of r-strategic repro¬ 
duction, since this species produces medium-sized eggs, 
shows parental care to the time of hatching, and N. no¬ 
topterus therefore is classified as an intermediate species 
with respect to interpretations of a reproductive strategy. 
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Abstract 

A new species, Chordodes colchis, is described from several locations in Georgia. The 
species resembles some other Chorodes species, especially C. anthophorus, which has 
also been described from Georgia, but differs in conspicuous details. The new species 
possesses prominent thorn areoles, which were not described in C. anthophorus. The new 
species is the seventh species known from Georgia. 


Introduction 

Horsehair worms (Nematomorpha) are parasites of arthro¬ 
pods, the majority of them (approximately 360 species in 
the taxon Gordiida) parasitizes terrestrial insects. Worms 
develop in their host, alter its behavior and drive them to¬ 
wards water, where they emerge (Hanelt et al. 2005). Mat¬ 
ing, egg deposition and hatching of larvae take place in wa¬ 
ter. Aquatic invertebrates serve as paratenic host for larvae, 
but the exact pathways of transmission to the terrestrial 
final host are still not completely clear (Hanelt et al. 2005). 

To date about 360 species are known and new species 
are described constantly. Scanning Electron Microscopy 
(SEM) has become the standard method to document the 
fine cuticular structures on the gordiid surface or on the 
posterior end, particular in males. This is very import¬ 
ant in the genus Chordodes, which includes about 100 
species, which mainly occur in tropical or subtropical 
regions. Compared to nematomorphs from other genera, 
the cuticle of Chordodes specimens is very rich in sub¬ 


structures and these are important for species determi¬ 
nation (Schmidt-Rhaesa et al. 2008). In most cases it is 
not clear, how variable the cuticular characters are, but 
the first applications of DNA barcoding show that the 
morphological differences between species may be fine 
(Bolek et al. 2010, Chiu et al. 2011). 

From Georgia, seven species of Gordiida, with addi¬ 
tional undetermined records, have been described (Gor- 
gadze and Kintsurashvili 2002, Gorgadze et al. 2008, 
2012, Kintsurashvili and Schmidt-Rhaesa 2014a, b, 
Kintsurashvili et al. 2011). Species belong to the genera 
Gordius, Gordionus, Chordodes and Spinochordodes. 
From the genus Chordodes, two species have been de¬ 
scribed. Chordodes oscillatus, which was described by 
Kirjanova (1953), was later synonymized with C. antho¬ 
phorus (De Villalobos et al. 2007). Kintsurashvili et al. 
(2011) described C. parabipilus, the second species. We 
report here specimens from several locations, which are 
close to C. anthophorus, but differ from these in some 
respect and are therefore described as a new species. 
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Material and methods 

Specimens were collected in Tbilisi and several regions 
in western Georgia, namely Imereti and Adjara regions. 
Materials were collected in 2002 and 2013-2015, during 
September and October. Horsehair worms were collected 
from artificial water reservoirs (trout farm) and from in¬ 
sect hosts. All our specimens, which were collected from 
insect hosts, were from praying mantis. Mantis religiosa, 
a common species of Mantis in Georgia. We also collect¬ 
ed another species of Mantis {Mantis sp.), however they 
have not been infested with horsehair worms. 

Twentynine specimens of horsehair worms were col¬ 
lected in total. Two specimens were collected in Tbili¬ 
si, 12 in Imereti (village Kldeti and Mirontsminda), and 
15 specimens in Adjara (village Charnali) (Fig. 1). From 
these, 16 were females and 13 males. It must be noted, 
that one of the praying mantis (in Imereti) “gave birth” to 
ten horsehair worms (5 males and 5 females), and another 
praying mantis (in Adjara) “gave birth” to seven speci¬ 
mens of horsehair worms (2 males and 5 female). 

Specimens were conserved in 70% ethanol. Entire piec¬ 
es from the midbody region (approximately 1 mm long) 
and in males additionally the posterior end (about 1-2 mm 
from the terminal tip), were prepared for Scanning Elec¬ 
tron Microscopy (SEM). Pieces were dehydrated in an in¬ 
creasing ethanol series, critically point dried and coated 
with gold in a sputter coater. Observation took place using 
a EEO SEM 1524 at 10 kV. Digital images were taken. 


Results 

Chordodes colchis sp. n. 

http://zoobank.org/5998C945-825E-4119-8ABD-AFB4C8E69715 

Holotype. Male from Imereti, deposited in the collection 
of Institute of Zoology, Ilia University, Tbilisi, Georgia 
under accession number 114. 

Material investigated. Holotype, nine female paratypes 
(accession numbers 100, 113, 115-117, 119-120, 126- 
127) and five male paratypes (accession numbers 95,121, 
123-125), all deposited in the collection of Institute of 
Zoology, Ilia University, Tbilisi, Georgia; 14 specimens 
(7 females and 7 males) deposited in the collection of the 
Zoological Museum, Hamburg, Germany under acces¬ 
sion numbers ZMH V13418-V13431. 

Type locality. Imereti: village Kldeti, village Mironts¬ 
minda; Adjara: village Charnali; Tbilisi. 

Etymology. The name colchis is an association with 
ancient kingdom Colchis, which includes modern West 
Georgia, where most of the specimens of the species 
were found. 

Description of the male. The body length is 100- 
210 mm, the width is 1-1.9 mm (n=13). The body looks 
black with naked eye, however when observed under 



Figure 1. Distribution of Chordodes colchis in Georgia. 
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Figure 2. Chordodes colchis, male. A. Cuticle of the ventral side (vml = ventral midline) with the clusters of crowned areoles (cl). 
B-D, F. Posterior end with median longitudinal furrow (arrows in B-D) different degrees of partially divided posterior end. E. Cloacal 
opening (co) surrounded by branched circumcloacal bristles. A,C,E,F by SEM, B and D taken with Nicon Coolpix P 7700. 


the microscope, it is very dark brown. The apical part 
of the body is white and gradually changes into darker 
color towards the end of the body. There are numerous 
dark structures on the body surface, these are the clusters 
of crowned areoles (Fig. 2A). The shape of the posteri¬ 
or end varies to some degree. In some specimens, when 
observed from the ventral side, the posterior end has a 
median longitudinal furrow and therefore both sides look 
partially divided (Fig. 2B-D). In other specimens, the 
posterior end is less strongly divided (Fig. 2F). The clo¬ 
aca is located 300 pm anterior from the apex (Fig. 2C, F). 


Short bristles, lying flat on the ventral surface, are present 
posterior of the cloacal opening while longer bristles are 
present lateral of the cloacal opening (Fig. 2C). The clo¬ 
acal opening itself is surrounded by bristles which orig¬ 
inate inside the opening, are attached to the lateral wall 
of the cloacal duct and then stand free around the opeing 
(Fig. 2E). Bristles are flat and wide at their base and then 
divide into 4, 5, 6 or more branches (Fig. 2E). 

There are five types of areoles in the cuticle. Simple 
areoles are spread on entire surface of horsehair worm 
body. They are numerous. These are cylindrical struc- 
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Figure 3. Chordodes colchis, male, cuticular structure. A. Cuticle of the ventral surface with simple, tubercle (tu), thorn (th) and 
crowned (cl) areoles. B. Magnification of twisted thorn surrounded by simple areoles (sar) and tubercle areoles. C. Cluster of 
crowned areoles (crar) with short filaments, surrounded by circumcluster areoles (ccar). D. Overview on the cuticle with all areolar 
types (for abbreviations see A-C). A by light microscopy (no scale taken), B-D by SEM. 


tures, whose apical surface is spherical, oval or polygo¬ 
nal. Simple areoles measure 10-18 pm. Some simple are¬ 
oles have small bristles on the apical surface (1-2,5 pm) 
(Fig. 3A, B, D). The cuticle between areoles is structured 
into cords (Fig. 3 B). Tubercle areoles are located be¬ 
tween simple areoles (Fig. 3A, D). Tubercle areoles have 
finger-shaped apical projections (-10-20 pm). In some 
areoles these appendices are very small and difficult to 
measure. They look like big light-refracting dots. Thorn 
areoles are well distinguished from the rest by their large 
size and location (Fig. 3A, B, D). They are located on 
the ventral surface of the body. Areoles have two parts: 
a spherical basal portion, with the diameter of 20-25 
pm at its widest point and 15 pm at its narrower part. 
Each thorn is raised from the basal structure which re¬ 
sembles an areole. The size of thorns varies from 12.5 
to 20-25 pm. The size of the entire thorn areoles varies 
distinctly from 15 pm to 42.5 pm. The shapes of thorns 
are also different: some are straight, some are slightly 
bent, and some are curved (Fig. 3B). Often, thorns are 
detached from the basal portion, which can be observed 
under the light microscope. In this case, the basal part of 
the areoles is well distinguished from simple areoles by 
its large size, and spherical light refracting structure on 
the top. The location of thorn areoles is especially inter¬ 
esting. They are situated on the ventral surface on both 


sides of the midline of the body, almost opposite to each 
other (Fig. 3A). 

Scattered over the entire surface of the body are clus¬ 
ters of areoles, which are easily distinguished from the 
rest of the areoles (Figs 2A, 3A, C, D). There are two 
(rarely, one, relatively large) crowned areoles in the cen¬ 
ter, - 7-10 pm apart. There is one very small light re¬ 
fracting thorn between them. The surface of the crowned 
areoles is spherical or oval. The largest diameter of each 
areole is - 20-25 pm, the smallest diameter is - 15- 
17 pm. Crowned areoles have a cylindrical shape, which 
is raised from the surface of the body. There is a crown 
of filaments on top of the surface. Filaments are numer¬ 
ous and vary in size. The longest filaments are about 
15-17 pm. The rest of the filaments are smaller, twist¬ 
ed and look like a bush (Fig. 3C). Crowned areoles are 
surrounded by two rows of circumcluster areoles. There 
are about 6-7 areoles in the inner row immediately sur¬ 
rounding the crowned areoles. The outer row comprises 
12-13 areoles. However, sometimes circumcluster are¬ 
oles are arranged around crowned areoles in one row. 
In those cases the number of circumcluster areoles is 
20-21. The size of circumcluster areoles is much small¬ 
er than the crowned areoles. Circumcluster areoles look 
like simple areoles, but they are more projected from 
the surface of the body and have a dark color. They are 
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Figure 4. Chordodes colchis, female. A. Anterior end. B. Posterior end with central cloacal opening (co). C, D. Thin tubercles (ar¬ 
rows point at some of them) that appear to originate between areoles in the anterior end of the body. E. Lateral view on the posterior 
end with position of the cloacal opening (co). F. Some bristles behind the region with areoles in the posterior end. G. Clusters of 
crowned areoles with long filaments along the ventral midline. H. Magnification of a cluster ofcrowned areoles with long filaments 
and circumcluster areoles (ccar). A, C-H with SEM, B taken with Nicon Coolpix P 7700. 


curved in the direetion of crowned areoles. Circumclus¬ 
ter areoles have very thin, short bristles on the apical 
surface (Fig. 3C). 

Description of the female: The body length is 140- 
340 mm, the width at the midpoint is 2-2.5 mm (n=16). 
The body is tapering towards the anterior end (Fig. 4A). 
The posterior end is spherical, with a cloaca in the cen¬ 


ter (Fig. 4B, E). The cuticle around the cloaca is smooth. 
Color of the body is light brown throughout the length 
of the body with the exception of the apical end, where 
~ 1.5-2 mm of the body is white, gradually ehanging into 
brown. Also, the color of the posterior end is whitish. 

There are six types of areoles in the cuticle. The cuticle 
consists of many small simple areoles. They are round 
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or oval shaped. Simple areoles have short, fine bristles, 
similar to males. The cuticle between the areoles is struc¬ 
tured into cords. There are relatively large areoles with 
small finger-shaped projections situated among simple 
areoles. These are tubercle areoles, which are also found 
in males. However, in contrast of male specimens, there 
are a number of thin tubercles that appear to originate be¬ 
tween the areoles in the anterior end of most specimens 
(Fig. 4C, D). In some specimens they are clearly oriented 
towards the anterior with their tip, in others the orienta¬ 
tion is more irregular. In addition, female specimens have 
some bristles behind the region with areoles in the poste¬ 
rior end (Fig. 4E, F). 

There are clusters of crowned areoles with short fila¬ 
ments on the surface of entire body. In contrast of males, fe¬ 
males have clusters of crowned areoles with very long and 
relatively stout apical filaments on the dorsal and ventral 
central line (Fig. 4G, H). The structure of circumcluster are¬ 
oles is identical to those of males (Fig. 4G). Thom areoles, 
as described in males, are also present in females. Their 
stmcture and location is similar in both sexes. However, in 
females, the number of thorn areoles is lower. In addition, 
they are difficult to observe due to their location under the 
long apical filaments of crowned areoles. 

Discussion 

The specimens of Chordodes described here possess the 
“usual” complement of cuticular structures as found in 
many other Chordodes species. Simple areoles, tuber¬ 
cle and thorn areoles as well as clusters composed of 
crowned and circumcluster areoles are common features. 
Also the presence of very long filaments in crowned are¬ 
oles on the ventral and sometimes also on the dorsal side 
is a common feature in females and very rare in males. 
Nevertheless, the specimens show some characters and 
character combinations that are distinct from other spe¬ 
cies described so far. The two other Georgian species 
known to date are C. anthophorus Kirjanova, 1950 and 
C. parabipilus Kintsurashvili, Schmidt-Rhaesa & Gor- 
gadze, 2011. The latter species has apical filaments of 
the crowned areoles in two kinds of different thickness 
(Kintsurashvili et al. 2011), a character not present in the 
specimens described here. Chordodes anthophorus has 
been described from Tajikistan (Kirjanova 1950), later 
the species C. oscillates from Georgia (Kirjanova 1953), 
C. aquaeductus from Tajikistan (Kirjanova 1950) and C. 
ferganensis from Uzbekistan (Kirjanova and Spiridonov 
1989) have been synonymized with C. anthophorus as 
result of an SEM reinvestigation of these species (De 
Villalobos et al. 2007). Thorn areoles were not described 
from C. anthophorus, which is the most significant dif¬ 
ference between this species and the specimens from this 
investigation. By using the key in Schmidt-Rhaesa et al. 
(2008) for determination of Chordodes species the most 
close hit when using the characters of the new species 
is Chordodes albibarbatus Montgomery, 1898. This is a 


species from Gabon, but it differs in two aspects from 
the specimens from this investigation. First, circumclus¬ 
ter areoles occur in very high number in C. albibarbatus 
(20-30 per cluster) and thorn areoles are very rare. Due to 
these differences to the known species we here describe 
C. colchis as a new species. 
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Abstract 

Two new species of Cynolebias are described from temporary pools of the Verde Grande 
River drainage, Sao Francisco basin, in the semiarid Caatinga, a phytogeographical prov¬ 
ince of northeastern Brazil. Cynolebias elegans sp. n., a member of the C. gilbertoi group, 
is considered as the smallest species of the genus, reaching about 38 mm of standard 
length; it is distinguished from all other species of the group by the long unpaired fins, 
relative position of anal fin and vertebrae, and morphometric data. Cynolebias gorutuba 
sp. n. belongs to the Cynolebias zeta-clade, a group of large species supposedly feeding 
on smaller sympatric seasonal killifishes; it differs from other species of the group by the 
female colour pattern, relative position of dorsal fin and vertebrae, and cephalic neuro¬ 
mast pattern. Both species herein described were not found in recent collecting trips, after 
their habitats had been drastically modified, and are also possibly highly endangered if 
not already extinct. Field data relative to gradual habitat decline in the type locality region 
of C. elegans indicate that after pools lose the dense vegetation that provides shelter to 
small species, these species such as C. elegans become exposed to larger sympatric pred¬ 
atory species and are extirpated. These data support the hypothesis that small seasonal 
killifish species specialised in living within marginal shaded areas of temporary pools are 
more susceptible to environmental changes than other congeners. 


Introduction 

A great diversity of killifishes that only inhabit temporary 
pools formed during rainy seasons has been reported for 
the Caatinga, the semiarid phytogeographical province of 
northeastern Brazil (e.g., Costa and Brasil 1991, 1993; 
Costa 2001,2007,2014; Costa et al. 2012,2014). In most 
of the Caatinga region, often there are two seasonal kil¬ 
lifish generations per year, one during the first rains after 
a long dry period, usually between November and Janu¬ 
ary, and another between February and April. However, 
rains may be very irregular and some areas may remain 
dry for a year or more. In dry periods pools disappear 


and species survive through drought resistant eggs in dia¬ 
pause stage (Wourms 1972). This specialised life cycle 
style, occurring in several South American and African 
aplocheilid killifishes, is often known as annualism (e.g., 
Costa 1998a). 

Two genera of seasonal killifishes occur in the Caat¬ 
inga, Cynolebias Steindachner, 1876 and Hypsolebias 
Costa, 2006. Diversification of these genera has been 
estimated to have started during the Miocene, after the 
climate became drier (Costa et al. 2017). Cynolebias has 
been divided in two subgenera, Bathylebias Costa, 2008, 
with a single species endemic to the seasonal dry forest 
of the Parana valley in central Brazil, and Cynolebias, 
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comprising 16 species endemic to the Caatinga of north¬ 
eastern Brazil (Costa 2001, 2008, 2014). Members of the 
latter subgenus are unique among Neotropical killifishes 
in having males that produce sounds during courtship be¬ 
haviour (Belote and Costa 2003; Costa et al. 2010), using 
a morphologically complex pharyngeal apparatus (Costa 
2009a). In contrast to most aplocheilid killifishes that are 
small, usually not surpassing 80 mm of standard length 
(SL), some species of Cynolebias often reach between 
100 and 120 mm SL, and supposedly prey on small sym- 
patric seasonal killifishes (Costa 2001). 

All species of Cynolebias, except C. porosus Stein- 
dachner, 1876, were described after 1990 as a result of 
frequent recent efforts to sample the temporary pools of 
the Brazilian seasonal dry forests (e.g., Costa et al. 1990; 
Costa and Brasil 1991, 1993; Costa 2001, 2014; Costa 
et al. 2010). The subgenus Cynolebias has been divided 
in three species groups (e.g., Costa 2014), the C. gilber- 
toi, C. porosus and C. perforatus groups. Both the C. gil- 
bertoi and C. perforatus groups are endemic to the Sao 
Francisco River basin, whereas the C. porosus group en¬ 
compasses species endemic to most river basins of the 
Caatinga. Among species of the C. perforatus group, a 
clade including all species except C. rectiventer, the Cy¬ 
nolebias zeta-clade (Costa 2001), is the most diversified 
group of the genus. A new species of the C. gilbertoi 
group and another of the Cynolebias zeta-clade (hereafter 
CZC) were first collected in 2002 and 2005, respectively. 
Subsequent field studies showed that their habitats were 
drastically modified and they were not found in most re¬ 
cent field surveys. In the present study, descriptions of the 
new species and records of habitat decline for the last 15 
years are provided. 

Material and methods 

Specimens were captured with small dip nets and fixed in 
formalin for a period of 10 days, and then transferred to 
70 % ethanol. Collections were made with permits provi¬ 
ded by ICMBio (Institute Chico Mendes de Conserva9ao 
da Biodiversidade). Material is deposited in Institute de 
Biologia, Universidade Federal do Rio de Janeiro, Rio de 
Janeiro (UFRJ). Descriptions of colouration of living ex¬ 
emplars were based on observations just after collections, 
in small transparent plastic bottles. Type specimens were 
photographed live six hours after collection. Measure¬ 
ments and counts follow Costa (1988). Measurements are 
presented as percentages of standard length (SL), except 
for those related to head morphology, which are expressed 
as percentages of head length. Fin-ray counts include all 
elements. Osteological preparations followed Taylor and 
Van Dyke (1985); the abbreviation C&S in lists of materi¬ 
al indicates those specimens that were cleared and stained 
for osteological examination. Terminology for osteologi¬ 
cal structures followed Costa (2006), for frontal squama- 
tion Hoedeman (1958), and for cephalic neuromast series 
Costa (2001). 


Results 

Cynolebias elegans sp. n. 

http://zoobank.org/8AElFA2B-9D3F-4E69-968A-4EF6F967779B 
Figs 1-2, Table 1 

Holotype. UFRJ 9431, male, 36.1 mm SL; Brazil: Bahia 
state: Pindai municipality: temporary pool close to road BR- 
122, about 8 km S of the village of Pindai, Mata Veado Creek 
floodplains, Verde Grande River drainage, Sao Francisco 
River basin, 14°33’39” S 42°42’10” W, altitude about 630 
m asl; W. J. E. M. Costa and C. P. Bove, 15 January 2005. 

Paratypes. UFRJ 9350, 1 male, 37.6 mm SL, 1 female, 
35.1 mm SL; UFRJ 6890, 2 males, 36.8-37.9 mm SL, 1 
female, 36.9 mm SL (C&S); collected with holotype. 

Diagnosis. Cynolebias elegans is similar to other species 
of the C. gilbertoi group (C. gilbertoi Costa, 1998 and C. 
ochraceus Costa, 2014) and distinguished from all other 
congeners of the subgenus Cynolebias, by the following 
character states: numerous vomerine teeth (9-16 vs. \-A, 
when teeth are present), 7-8 gill-rakers on the ventral part 
of the first branchial arch (vs. 9-12), highest body depth at 
vertical just anterior to pelvic-fin base (vs. through pecto¬ 
ral-fin base), and presence of light dots on flank arranged 
in vertical groups (vs. light dots when present not arranged 
in vertical groups). Cynolebias elegans differs from C. gil¬ 
bertoi and C. ochraceus by having long dorsal and anal 
fins in males, their extremities excluding filaments posteri¬ 
orly reaching caudal-fin base (vs. reaching caudal pedun¬ 
cle), greater pre-pelvic length in males (52.2-53.9 % SL, 
vs. 48.5^9.9 % SL in C. gilbertoi and 48.9-50.5 % SL 
in C. ochraceus), and first proximal radial of the anal fin 
between neural spines of 9th and 10th vertebrae in males, 
and between neural spines of 11th and 12th vertebrae in 
females (vs. between neural spines of 11th and 13th verte¬ 
brae in males, and between neural spines of 12th and 14th 
vertebrae in females). Cynolebias elegans is also distin¬ 
guished from C. gilbertoi by having larger head (31.3-34.2 
% SL in males, 32.1-33.4 % in females, vs. 27.9-30.3 
% SL in males, 29.0-31.1 % in females) and smaller eye 
(25.5-29.1 % of head length in males, 27.3-29.9 % in fe¬ 
males, vs. 30.0-31.0 % of head length in males, 31.5-34.2 
% in females); and from C. ochraceus by having fewer ver¬ 
tebrae (31-32 vs. 33-34), more slender body (body depth 
32.5-34.5 % SL, vs. 35.0-37.8 % SL), and flank light pur¬ 
plish brown in males (vs. light yellow ochre). The largest 
specimen examined was 37.9 mm SL, suggesting that C. 
elegans is the smallest species of the genus. 

Description. Morphometric data appear in Table 1. Body 
relatively deep, compressed. Greatest body depth at ver¬ 
tical just anterior to pelvic-fin base. Dorsal and ventral 
profiles of head and trunk slightly convex, approximate¬ 
ly straight on caudal peduncle. Head moderately wide, 
sub-triangular in lateral view. Jaws short, teeth numer¬ 
ous, conical, irregularly arranged; outer teeth hypertro- 
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Figure 2. Cynolebias elegam sp. n., live paratype, UFRJ 9350, female, 35.1 mm SL. Photograph by W.J.E.M. Costa. 


phied, inner teeth small and numerous. Vomerine teeth 
13. Gill-rakers on first branchial arch 2 + 7, gill-rakers 
short, straight, without denticles. 

Dorsal and anal fins relatively long and pointed in males, 
posteriorly reaching caudal-fin base when excluding fila¬ 


ments, rounded in females; in males, short filamentous rays 
on dorsal-fin extremity, long filamentous rays on anal-fin 
extremity, posteriorly reaching middle portion of caudal fin; 
no filamentous rays in females. Caudal fin rounded. Pecto¬ 
ral fin rounded, posterior margin reaching vertical between 
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Table 1. Morphometric data of Cynolebias elegans. 



Holotype 

Pa retypes 


male 

males (3) 

females (2) 

Standard length (mm) 

36.1 

36.8-37.9 

35.1-36.9 


Percent of standard length 


Body depth 

34.0 

32.5-34.5 

33.0-33.1 

Caudal peduncle depth 

15.1 

14.2-15.7 

14.3-15.4 

Pre-dorsal length 

59.3 

56.7-59.5 

63.0-63.3 

Pre-pelvic length 

53.9 

52.2-54.2 

54.9-55.4 

Length of dorsal-fin base 

31.3 

29.2-32.8 

25.8-27.5 

Length of anal-fin base 

35.5 

32.2-35.3 

26.3-27.3 

Caudal-fin length 

39.0 

34.9-38.8 

33.6-37.9 

Pectoral-fin length 

32.3 

28.3-30.9 

28.2-29.4 

Pelvic-fin length 

9.8 

8.3-10.1 

9.6-10.2 

Head length 

34.2 

31.3-32.9 

32.1-33.4 


Percent of head length 


Head depth 

93.5 

94.4-98.2 

91.9-97.6 

Head \A/idth 

74.1 

71.6-78.1 

75.0-75.6 

Snout length 

14.5 

14.0-15.5 

13.9-14.5 

Lower jaw length 

20.7 

19.5-22.6 

19.2-19.4 

Eye diameter 

26.6 

25.5-29.1 

27.3-29.9 


base of 5th and 6th anal-fin rays in males, reaching base of 
3rd anal-fin ray in females. Pelvic fin small, tip reaching 
between base of 3rd and 4th anal-fin rays in males, reaching 
base of 2nd anal-fin ray in females; pelvic-fin bases medial¬ 
ly separated by short interspace. Dorsal-fin origin at vertical 
between base of 3rd and 5th anal-fin rays in males, through 
base of 3rd anal-fin ray in females. Dorsal-fin rays 17-18 
in males, 16-17 in females; anal-fin rays 18-20 in males, 
18-19 in females; caudal-fin rays 28-29; pectoral-fin rays 
12; pelvic-fin rays 6. In males, papillate contact organs on 
inner surface of three or four dorsal-most pectoral-fin rays. 
Second proximal radial of dorsal fin between neural spines 
of 12th and 13th vertebrae in males, between neural spines 
of 13th and 14th vertebrae in females; first proximal radial 
of anal fin between pleural ribs of 9th and 10th vertebrae in 
males, between pleural ribs of 11th and 12th vertebrae in 
females; total vertebrae 31-32. 

Scales small, cycloid. Body and head entirely scaled, 
except anterior ventral surface of head. Body squamation 
extending over anterior 25 % of caudal-fin base; no scales 
on dorsal, anal and pectoral-fin bases. Scales irregularly 
arranged on frontal region and trunk. Longitudinal series 
of scales 34-36; transverse series of scales 13-14; scale 
rows around caudal peduncle 22. No contact organs on 
scales. Cephalic neuromasts: supraorbital 25-30; parietal 
4; anterior rostral 2, posterior rostral 2; infraorbital 5 + 
31-33; preorbital 3-4; otic 5, post-otic 7-8; supratem- 
poral 2-3; median opercular 1-3, ventral opercular 5-8; 
pre-opercular plus mandibular 45-47; lateral mandibular 
3-A + 8-9, paramandibular 1. 

Colouration in life. Males. Flank light purplish brown, 
with 10 or 11 lighter pale golden brown bars and min¬ 
ute white dots arranged in vertical zones. Dorsum pale 
purplish brown, venter white. Head pale purplish brown, 
with dark grey dots on otic, post-otic and supra-temporal 


neuromasts; golden iridescence on opercular region. Iris 
yellow, with dark brown bar through orbit centre. Dorsal 
and caudal fin light grey, with white dots. Anal fin pale 
pink, basal portion with white dots; filaments pale pink. 
Pelvic fin pale pink. Pectoral fin hyaline. 

Females. Flank light purplish brown, with 11 or 12 
pale golden brown bars; 1-2 black spots on centre of 
flank. Dorsum pale purplish brown, venter white. Head 
pale purplish brown, with dark grey dots on otic, post-otic 
and supra-temporal neuromasts; pale golden iridescence 
on opercular region. Iris yellow, with dark brown bar 
through orbit centre. Fins hyaline. 

Colouration in alcohol. Similar to colouration in life, 
dark marks still distinct, but paler ; white dots on trunk 
and fins and pink pigmentation on anal and pelvic fins of 
males, and golden iridescence on opercular region of both 
sexes inconspicuous. 

Distribution and conservation. Cynolebias elegans is 
known from a single locality, a temporary pool in the 
Verde Grande River drainage, Bahia, Brazil (14°33’39” 
S 42°42’10” W, altitude about 630 m asl). This pool was 
first explored in January 2002, when the only species 
found was Hypsolebias mediopapillatus (Costa, 2006). 
At that time, the pool was densely covered by aquatic 
vegetation and marginal spiny bushes, making it diffi¬ 
cult to access the pool, except in its portion closer to the 
road. During a second visit, January 2005, cattle were 
introduced in the area and original vegetation was sub¬ 
stituted by grass. Both C. oticus and H. mediopapillatus 
were abundant, but only six specimens of C. elegans (the 
type series) and one of Hypsolebias fulminantis (Costa & 
Brasil, 1993) were collected. In several other pools found 
along the road, many specimens of C. oticus, C. lepto- 
cephalus and H. mediopapillatus were found, but both C. 
elegans and H. fulminantis were absent. The type locality 
and neighbouring pools were sampled again in May 2009 
and January 2010, but no specimen of C. elegans was 
found. New visits occurred in January and May 2017, but 
the type locality was now highly modified into a perma¬ 
nent pool containing only small not identified Characi- 
formes. These field records indicate that C. elegans is a 
rare, critically endangered species, if not already extinct. 

Etymology. From the Latin elegans (elegant, fine), an al¬ 
lusion to the distinctive general appearance of the new 
species, with males combing relatively slender body with 
long unpaired fins. 

Cynolebias gorutuba sp. n. 

http://zoobank.org/5B48F085-807C-46BE-Bl 1E-8E32B11FBE96 
Figs 3-4, Table 2 

Holotype. UFRJ 6789, male, 88.8 mm SL; Brazil: 
Minas Gerais state: Janauba municipality: temporary 
pool near road MG-401, floodplains of Gorutuba River, 
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Table 2. Morphometric data of Cynolebias gorutuha. 



Holotype 

Paratypes 


male 

males (2) 

females (2) 

Standard length (mm) 

88.8 

50.7-83.9 

42.0-50.1 


Percent of standard length 


Body depth 

33.1 

30.0-31.3 

27.8-29.4 

Caudal peduncle depth 

14.2 

12.5-14.1 

12.5-13.0 

Pre-dorsal length 

60.0 

61.3-65.0 

63.7-67.5 

Pre-pelvic length 

48.6 

52.2-53.4 

52.4-55.2 

Length of dorsal-fin base 

27.1 

23.6-24.9 

19.8-21.2 

Length of anal-fin base 

34.3 

27.3-27.9 

23.9-24.2 

Caudal-fin length 

30.0 

29.2-30.8 

30.0-30.8 

Pectoral-fin length 

- 

22.6-23.0 

23.4-23.5 

Pelvic-fin length 

8.0 

7.3-7.6 

7.8-8.4 

Head length 

32.3 

32.0-33.7 

33.8-34.2 


Percent of head length 


Head depth 

96.0 

82.0-92.4 

81.9-82.7 

Head width 

67.3 

64.5-67.7 

65.1-69.9 

Snout length 

13.9 

14.0-15.4 

13.3-14.5 

Lower jaw length 

30.0 

25.8-28.9 

23.1-26.5 

Eye diameter 

19.3 

18.1-22.6 

23.2-25.9 


Verde Grande River drainage, Sao Francisco River basin, 
15°47’57”S, 43°19’18”W, altitude about 525 m asl; W. J. 
E. M. Costa et al, 29 January 2010. 

Paratypes. UFRJ 9447, 1 female, 50.1 mm SL; UFRJ 
9448, 2 males, 50.7-83.9 mm SL, 1 female, 42.0 mm SL 
(C&S); same area as holotype, 15H8’06”S, 43n9’14”W, 
altitude about 525 m asl; W. J. E. M. Costa, C. R Bove & 
B. B. Costa, 16 January 2016. 

Diagnosis. Cynolebias gorutuba is similar to other spe¬ 
cies of CZC (C. altus Costa, 2001, C. attenuatus Cos¬ 
ta, 2001, C. gibbus Costa, 2001, C. leptocephalus Costa 
& Brasil, 1993, C. parietalis Costa, 2014, C. perforatus 
Costa & Brasil, 1991, C. oticus Costa, 2014), and dis¬ 
tinguished from all other congeners, by the following 
character states: contact organs distributed on the inner 
surface of entire pectoral fin of males (vs. restricted to the 
dorsal portion of the fin), trunk scales extending over dor¬ 
sal-fin base (vs. not extending), scales extending over one 
third or more of caudal-fin base (vs. about one fourth), 
and gill-rakers of first branchial arch bowed and with 
numerous denticles on its surface (vs. straight to slight¬ 
ly curved, usually without denticles, or one or two when 
present). Cynolebias gorutuba is distinguished from all 
other species of CZC by the presence of small round dark 
grey spots on dorsolateral portion of the trunk in females 
(vs. absence) and by the second proximal radial of dorsal 
fin between neural spines of 16th and 18th vertebrae in 
males (vs. between neural spines of 14th and 16th verte¬ 
brae); it is also distinguished from all other species of the 
Cynolebias zeta-clade, except C. oticus, by having more 
preopercular neuromasts (75-87 vs. 53-72). Cynolebias 
gorutuba also differs from C. oticus by having the ante¬ 
rior lateral profile of the body convex (vs. without a con¬ 
cavity on the head), otic and post-otic neuromast series 


separated (vs. united), more vertebrae (37-38 vs. 35-36), 
and absence of bars on the fiank in males above 75 mm 
SL (vs. presence), and from C. parietalis and C. perfora¬ 
tus by fewer caudal-fin rays (30-31 vs. 33-35). 

Description. Morphometric data appear in Table 2. Body 
relatively deep, sub-cylindrical anteriorly, slightly deeper 
than wide, compressed posteriorly. Greatest body depth 
at vertical through pectoral-fin base. Dorsal and ventral 
profiles of head and trunk slightly convex, nearly straight 
on caudal peduncle. Head moderately wide, sub-triangu¬ 
lar in lateral view. Jaws moderately long, teeth numerous, 
conical, irregularly arranged; outer teeth hypertrophied, 
inner teeth small and numerous, tip slightly curved inside 
mouth. Vomerine teeth absent. Gill-rakers on first bran¬ 
chial arch 3 + 9, gill-rakers gently bowed, with numerous 
denticles on distal region. 

Dorsal and anal fins short, pointed, and with short fila¬ 
mentous rays in males, rounded and without filaments in 
females. Caudal fin rounded. Pectoral fin rounded, poste¬ 
rior margin reaching vertical urogenital papilla in males, 
through anus in females. Pelvic fin small, tip reaching 
base of 1st anal-fin ray; pelvic-fin bases medially sep¬ 
arated by short interspace. Dorsal-fin origin at vertical 
through base of 6th anal-fin ray. Dorsal-fin rays 18-19 in 
males, 16-17 in females; anal-fin rays 21 in males, 20 in 
females; caudal-fin rays 30-31; pectoral-fin rays 14-15; 
pelvic-fin rays 6. In males, papillate contact organs on 
whole inner surface of pectoral fin. Second proximal ra¬ 
dial of dorsal fin between neural spines of 16th and 18th 
vertebrae, first proximal radial of anal fin between pleural 
ribs of 14th and 15th vertebrae; total vertebrae 37-38. 

Scales small, cycloid. Body and head entirely scaled, 
except anterior ventral surface of head. Body squama- 
tion extending over anterior third of caudal-fin base; few 
scales extending over middle portion of dorsal and anal 
fins; pectoral-fin fin base scaled. Scales irregularly ar¬ 
ranged on frontal region and trunk. Longitudinal series 
of scales 38^1; transverse series of scales 16; scale rows 
around caudal peduncle 24. No contact organs on scales. 
Cephalic neuromasts: supraorbital 42^8; parietal 5-7; 
anterior rostral 3, posterior rostral 4; infraorbital 6 + 40- 
48; preorbital 3; otic 11-12, post-otic 9-12; supratempo- 
ral 3-5; median opercular 2, ventral opercular 4; preoper¬ 
cular plus mandibular 75-87; lateral mandibular 12-21, 
paramandibular 1. 

Colouration. Males. Flank and dorsum pale silver, scale 
margins pale yellow in larger fish, fiank pale brown in 
smaller; three or four pale grey humeral spots. Venter 
white. Dorsal portion of head pale yellow to pale brown, 
with reddish brown dots on otic, post-otic and supra-tem- 
poral neuromasts; infraorbital and opercular regions pale 
silver with pale blue and pale golden iridescence. Jaws 
white. Iris yellow, with dark reddish brown bar through 
orbit centre. Dorsal and caudal fins light grey, basal por¬ 
tion pale yellow; white dots on whole dorsal fin and dor¬ 
sal part or most caudal fin. Anal fin light grey, basal por- 
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Figure 3. Cynolebias gorutuba sp. n., live holotype, UFRJ 6789, male, 88.8 mm SL. Photograph by W.J.E.M. Costa, 



Figure 4. Cynolebias gorutuba sp. n., preserved paratype, UFRJ 9447, female, 50.1 mm SL. Photograph by A. Katz. 


tion pale yellow with white dots, filaments black. Pelvic 
fin pale yellow. Pectoral fin hyaline. 

Females. Flank pale brown, with 11 or 12 pale al¬ 
most inconspicuous grey bars; 2-4 dark brownish grey 
spots on humeral region and 4-6 dark grey round spots 
on dorsolateral portion of trunk. Dorsum pale brown, 
venter white. Head pale brown, with dark grey dots on 
otic, post-otic and supra-temporal neuromasts; pale gold¬ 
en iridescence on opercular region. Iris yellow, with dark 
brown bar through orbit centre. Fins hyaline. 

Colouration in alcohol. Similar to colouration in life, 
dark marks still distinct, but paler; white dots on fins of 


males and golden iridescence on opercular region of both 
sexes inconspicuous. 

Distribution and conservation. Cynolebias gorutuba is 
only known from pools in the floodplains of the Goru¬ 
tuba River, within the town of Janauba, Minas Gerais, 
Brazil. This area was first sampled in January 2002, in 
a vast undisturbed temporary pool with dense aquatic 
vegetation (15°48’06”S, 43°19’14”W, altitude about 525 
m asl), when the single species found was Hypsolebias 
janaubensis (Costa, 2006). In January 2005, the area was 
visited again, but the whole original pool sampled three 
years before had been destroyed after expansion of an 
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adjacent road. In a few remnant, small pools with very 
turbid water and no aquatic vegetation, 15 exemplars of 
H. janaubensis and four of C. gorutuba were found. In 
the third visit, January 2010, pools and typical vegeta¬ 
tion had been completely extirped from the area studied 
before. Searching around this area, some shallow tempo¬ 
rary pools were found about 300 m from the former pool 
(15°47’57”S, 43°19’18”W, altitude about 525 m a.s.L). 
This new area, not visible in previous trips by being cov¬ 
ered by dense high vegetation, was then open, with scarce 
grass, and restricted to shallow turbid water pools. A few 
specimens of H. janaubensis and one of C. gorutuba (the 
holotype) were found. More recently, the area was visit¬ 
ed twice, in January and April 2017. No vestige of pools 
was found in areas previously studied, but within a dense 
Caatinga forest not distant from the first collecting site, a 
large temporary pool was found, with about 100 m^ and 
about 1 m deep. Hypsolebias janaubensis was common 
in all parts of the pool, a few exemplars of H. magnifi- 
cus (Costa & Brasil, 1991) were found in shaded zones, 
but no specimen of Cynolebias gorutuba was collected. 
These field studies suggest that C. gorutuba is a rare spe¬ 
cies, possibly highly threatened with extinction. 

Etymology. The name gorutuba refers to the Gorutuba 
River fioodplains, the type locality of C. gorutuba. The 
origin and original meaning of the name is uncertain; lo¬ 
cal people associate this name to a frog popular name, 
which needs confirmation. 

Discussion 

In a classical paper, Wilson (1985) reported the increasing 
rate of biodiversity loss contrasting with our incomplete tax¬ 
onomic knowledge, besides calling attention to the high risk 
of extinction of organisms inhabiting relatively unexplored 
habitats, often exhibiting restricted geographical ranges and 
high levels of specialisation. This was the case of the killifish 
fauna of the temporary pools of the Sao Francisco River Ba¬ 
sin, where field studies directed to this habitat started only in 
1989, when seasonal killifishes of this vast region were still 
unknown for scientists (Costa and Brasil 1990). At that time, 
different preservation levels were observed in the Caatinga 
vegetation, occurring since temporary pools with luxuriant 
aquatic vegetation highly protected by marginal bushes to 
pools partially covered by amphibious plants in open veg¬ 
etation areas used for cattle pasture. Since then, about 40 
endemic seasonal killifishes have been described for this 
region. Costa (2002) first reported habitat decline in the re¬ 
gion, recording pools destroyed after implementation of new 
roads, and Costa et al. (2012) reported several pools recently 
destroyed by expansion of urban areas and agriculture activ¬ 
ities. Although no substantial habitat loss have been record¬ 
ed in more recent field studies (January and April 2017), the 
present study illustrates the effects of the biodiversity crisis 
in the Caatinga, reporting new species that possibly are high¬ 
ly endangered if not already extinct. 


This recently known fauna of seasonal killifishes en¬ 
demic to the Caatinga exhibits diversified morphological 
patterns and uncommon specialisations (e.g., Costa 2001, 
2007, 2009a). The two new species herein described 
provide a good example of two extreme divergent mor¬ 
phological patterns within the genus Cynolebias. The 
small size and delicate morphology of C. elegans, with 
relatively long fins in males, contrasts with the robust as¬ 
pect and short fins of C. gorutuba, which is a member 
of CZC, with species often reaching over 100 mm SL or 
more. Some character states diagnostic for CZC, includ¬ 
ing gill-rakers of the first branchial s arch bowed and with 
numerous denticles (Costa 2001: fig. 6C) and antero-lat- 
eral tip of the lateral process of the sphenotic expanded 
anteriorly (Costa 2001: fig. 8d), are typical of piscivorous 
killifishes, suggesting the occurrence of complex trophic 
relationships among killifishes of the Caatinga. A set of 
morphological specialisations including large size, long 
jaws, robust sphenotic bone supporting hypertrophied 
muscles, and short gill-rakers covered by denticles are 
only found in the South American A elongatus 

group and in the East African Nothobranchius ocellatus 
(Seegers, 1985), which are seasonal killifishes reported 
to prey on smaller sympatric congeners (Costa 2006b, 
2009b, 2011, in press). 

There is no available data on feeding habits of CZC spe¬ 
cies. However, field observations highly suggest that they 
prey on species of the Hypsolebias magnijicus group (e.g., 
H. fulminantis, H. harmonicus, H. magnijicus, H pictur- 
atus,) which are small, usually not surpassing 40 mm SL 
(e.g., Costa 2007), and are always found sympatric to CZC 
species (e.g., C. altus, C. attenuatus, C. leptocephalus, C. 
gorutuba, C. oticus, C. parietalis, C. perforatus). Species 
of the H. magnijicus group are commonly found in shaded 
parts of temporary pools that are protected by dense bush 
vegetation (e.g., Costa 2010). In recent pools, just after first 
rains when all seasonal killifish species are represented by 
juveniles, species of the H. magnijicus group are abundant. 
In mature seasonal killifish communities, abundance of ex¬ 
emplars of the H. magnijicus group seems to depend on 
the occurrence of CZC species. For example, H. magnifi- 
cus and H. fulminantis when sympatric to C. parietalis and 
C. leptocephalus, respectively, in large pools (about 30 x 
200 m), were restricted to short stretch of the pools densely 
occupied by the emergent aquatic plant Thalia geniculata 
L. (Marantaceae) (person, observ.). In February 1999 only 
four specimens of H. picturatus (Costa, 2000) were found 
in a small area protected by dense aquatic vegetation of 
a vast temporary pool where Cynolebias altus was abun¬ 
dant. Just after collection, the pool completely dried out, 
but after March rains, the pools formed again. In May of 
the same year, numerous adult specimens of H. picturatus 
were found, but no specimen of C. altus was collected, in¬ 
dicating that eggs of the latter species did not hatched after 
that short dry period between rains, allowing H. picturatus 
be spread in the pool. 

Species of the C. gilbertoi group share, among other 
character states, numerous vomerine teeth, a condition 
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unique among Cynolebiini killifishes (e.g., Costa 1998b), 
besides not reaching more than about 60 mm SL, con¬ 
trasting with all other congeners that reach about 80 mm 
SL or more. The largest size of C. elegans here recorded, 
37.9 mm SL, suggests that it is the smallest species of the 
genus. The few known specimens of C. elegans were col¬ 
lected in 2005, just after original vegetation was removed 
from the pool and around it (see above), but C. oticus was 
an abundant species. This last species is a typical member 
of CZC, with predator appearance (Fig. 5), reaching at 
least about 85 mm SL (Costa 2014) and found near the 
pool bottom. In subsequent field studies (2009 and 2010, 
see distribution and conservation above), no specimens 
of C. elegans were found in the region, suggesting that its 
occurrence depended on the existence of rich aquatic and 
marginal vegetation, as recorded for its type locality in 
2002. Field data thus suggest that in the absence of dense 
vegetation providing shelter for smaller species such as 
C. elegans, they became exposed to the larger predatory 
species C. oticus and extirpated from the pool, as record¬ 
ed in following years. Other species of the C. gilbertoi 
group also have been found in pools where original vege¬ 
tation is kept, corroborating the hypothesis that species of 
this group are specialised in living in this particular habi¬ 
tat, what makes species of this group more susceptible to 
environmental changes than other congeners. 
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Abstract 

Until now, the genus Pseudorchomene Schellenberg, 1926 has been recorded exclusively 
in Antarctic or sub-Antarctic regions. Pseudorchomene boreoplebs sp. n., described from 
Korean waters, is the first record from the Northern Hemisphere as well as from temper¬ 
ate regions. This new species is very similar to Pseudorchomene plebs (Hurley, 1965), 
but can be readily distinguished by its wider basis of gnathopod 1, elongate carpus and 
angulate anterodistal comer of the propodus on gnathopod 2, having slender setae only 
on the posterior margin of the carpus on pereopod 5, and lacking posterior lobations of 
the carpus on pereopods 5-7. 


Introduction 

Previously, members of the genus Pseudorchomene 
Schellenberg, 1926 were considered to belong to the 
complicated "Orchomene complex’ (De Broyer 1984, 
Barnard and Karaman 1991, Havermans et al. 2010), 
but the genus Pseudorchomene seems to be well defined 
as a monophyletic clade by the homogeneity between 
molecular sequence data of partial COI as well as 
morphological characters including a triangular or 
adz-shaped coxa 1 (d’Udekem d’Acoz and Havermans 
2012). Hitherto, the genus Pseudorchomene consists 
of five valid species known from Antarctic or sub- 
Antarctic regions by several taxonomic or ecological 
studies: Pseudorchomene coatsi (Chilton, 1912) from 
the Weddell Sea, Davis Sea, and South Georgia (Chilton 
1912, Schellenberg 1926, Barnard 1932, Lowry and 
Stoddart 1983, Nyssen et al. 2005, De Broyer et al. 2007, 
Havermans etal. 2010, d’Udekem d’Acoz andHavermans 


2012); Pseudorchomene dehroyeri d’Udekem d’Acoz 
& Havermans, 2012 from the Falkland Islands and 
the Kerguelen Islands (De Broyer 1983, d’Udekem 
d’Acoz and Havermans 2012); Pseudorchomene 
lophorachis d’Udekem d’Acoz & Havermans, 2012 
from the Scotia Sea and the Weddell Sea (d’Udekem 
d’Acoz and Havermans 2012); Pseudorchomene plebs 
(Hurley, 1965) from around the Antarctic (Hurley 1965, 
De Broyer 1983, Takeuchi et al. 2001, Nyssen et al. 
2005, De Broyer et al. 2007, d’Udekem d’Acoz and 
Havermans 2012); and Pseudorchomene rossi (Walker, 
1903) with a circum-Antarctic distribution (Walker 1903, 
Schellenberg 1926, De Broyer et al. 2007, d’Udekem 
d’Acoz and Havermans 2012). 

In this study, the genus Pseudorchomene is record¬ 
ed for the first time from the Northern Hemisphere, in 
Korean waters, with the description of Pseudorchomene 
boreoplebs sp. n. A key to all known species of the genus 
Pseudorchomene is also provided. 
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Material and methods 

The collected specimens of lysianassids were initially 
fixed in 80% ethyl alcohol in the field and then preserved 
in 95% ethyl alcohol after sorting in the laboratory. Spec¬ 
imens were stained with lignin pink before dissection. 
Their appendages were dissected in petri dishes or ex¬ 
cavated microscopic slides filled with mixed solution of 
glycerol-ethanol using dissecting forceps and needles un¬ 
der a stereomicroscope (Leica M205), and mounted onto 
temporary slides using glycerol. To prepare illustrations, 
pencil drawings were made under a light microscope 
(Leica DMLB) with the aid of a drawing tube. These 
were then scanned, digitally inked, and arranged on digi¬ 
tal plates using the methods described by Coleman (2003, 
2009). Examined specimens were deposited in the col¬ 
lection of the National Institute of Biological Resources 
(NIBR) of Korea. 

Systematics 

Lysianassoidea Dana, 1849 
Lysianassidae Dana, 1849 

Pseudorchomene Schellenberg, 1926 

Korean Name; Gae-gin-pal-yeop-sae-u-sok, new 

Pseudorchomene boreoplebs sp. n. 

http;//zoobank.org/013 A64BF-2A20-4579-AB6B-D691D95BBF76 
Figs 1-5 

Korean Name; Buk-bang-gae-gin-pal-yeop-sae-u, new 

Type locality. Near Daejin Port, Daejin-ri Hyeonnae-my- 
eon Goseong-gun Gangwon-do South Korea. The spec¬ 
imens were collected from fishery nets of this port. Ac¬ 
cording to the statements of fishermen, these nets were 
brought out within a 5 km radius from Daejin Port and the 
nets were deployed in about 1-2 km depth (The precise 
coordinates were uncertain). 

Material examined. Holotype: female, 27.1 mm (NI- 
BRIV0000806535), paratypes: two males, 15.5-18.0 mm 
and two females, 15.9-23.5 mm (NIBRIV0000807159); 
collected from fishery nets in Daejin Port, 11 Mar 2016, 
by TW Jung. 

Etymology. The composite epithet of the specific name, 
boreoplebs is a combination of the Latin borealis and the 
specific name of Pseudorchomene plebs (Hurley, 1965). 
This name refers to a ‘similar species to P. plebs living in 
the northern region’. 

Diagnosis. Eyes red or brown in life. Antenna 2 not re¬ 
duced in both sexes. Gnathopod 1 stocky; basis largely 
expanded, 2.1 x as long as wide; palm transverse, con¬ 
vex, margin serrated. Gnathopod 2 carpus 0.7 x as long 


as basis, 3.5 x as long as wide; propodus 0.4 x as long 
as carpus, weakly angulated anterodistally. Pereopod 5 
coxa wider than long; merus posterior lobe well devel¬ 
oped, lined with slender setae only (without robust setae). 
Uropod 3 inner ramus not reaching distal end of proximal 
article of outer ramus. 

Description of holotype female. Head (Fig. IB) lateral 
cephalic lobes rounded, expanded anteriorly; eyes pyri¬ 
form, large, ommatidea small, red or brown in life. 

Antenna 1 (Fig. 1C, D) half as long as antenna 2, as 
long as head to pereonite 1 combined; peduncular article 
1 swollen anteriorly; accessory fiagellum 5-articulate; fla¬ 
gellum article 1 distinctly elongate; calceoli absent. 

Antenna 2 (Fig. IE) not reduced, 0.4 x as long as body; 
peduncular articles moderate; flagellum 36-articulate; 
calceoli absent. 

Upper lip (Fig. IF) epistome convex in lateral view, not 
separated from upper lip; upper lip produced downward. 

Mandible (Fig. IG, H) incisor smooth but bearing 
blunt denticles on both sides; lacinia mobilis present on 
left side only, narrowly cylindrical (finger-like), nearly 
slender; three small raker setae present on each left and 
right mandibles, with an patch of setules between molar 
process and raker setae; molar process narrow, triturative, 
with an lateral setigerous crest; palp attached proximal 
to molar process, 3-articulate, article 2 longest, not ex¬ 
panded, with an oblique row of 24 setae distally, article 
3 weakly falcate, 0.7 x as long as article 2, with 26 setae 
along medial margin and one group of four setae at apex. 

Maxilla 1 (Fig. 2A, B) inner plate narrowing distally, 
not short, setose, with two plumose setae apically; outer 
plate with eleven toothed setae apically in 7/4 arrangement; 
palp bi-articulate, distal article swollen laterodistally, api¬ 
cal margin lined with 13 robust setae and one simple seta. 

Maxilla 2 (Fig. 2C) inner plate slender, tapering distal¬ 
ly, with one row of simple setae and one row of dentate 
setae overlapped on mediodistal margin, with one long 
plumose seta at middle of medial margin; outer plate 1.3 
X as long as inner plate, not narrow, also tapering distally 
and with two rows of simple and dentate setae on medi¬ 
odistal margin. 

Maxilliped (Fig. 2D, E) inner plate rectangular, with 
one row of nine plumose setae on medial margin distal¬ 
ly, with three nodular setae on apical margin; outer plate 
well developed, subovoid, somewhat elongate, apex not 
reaching end of palp article 3, lined with 29 small nodular 
setae on mediodistal margin and with two elongate nodu¬ 
lar setae on apex, with one row of ten surficial setae along 
medial margin; palp 4-articulate, article 1 wider, article 2 
1.1 X as long as article 1, lined with many long setae on 
medial margin, article 3 0.8 x article 2, article 4 falcate, 
half as long as article 3, with minute setae along medial 
margin and distal surface, apical seta short. 

Per eon. Gnathopod 1 (Fig. 2F, G) stout, subchelate; 
coxa large, triangular, strongly divergent, rounded ven- 
trally, angulate posteroventrally; basis 0.9 x as long as 
coxa, 2.1 X as long as wide, anterior margin straight, lined 
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Figure 1. Pseudorchomene boreoplebs sp. n., holotype female (27.1 mm), NIBRIV0000806535. A habitus; B head; C antenna 
1, lateral; D antenna 1, medial; E antenna 2; F upper lip, lateral; G left mandible; H right mandible. Scale bars 0.2 mm (F), 
0.5 mm (C-E, G, H), 1.0 mm (B), 2.0 mm (A). 
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Figure 2. Pseudorchomene boreoplebs sp. n., holotype female (27.1 mm), NIBRIV0000806535. A maxilla 1; B apical setae on 
outer plate of maxilla 1; C maxilla 2; D, E maxilliped; F gnathopod 1. Scale bars 0.1 mm (G), 0.2 mm (A-E), 0.5 mm (F). 
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with slender setae, posterior margin well expanded, only 
with one group of setae subdistally; ischium half as long 
as basis; carpal lobe developed; propodus 0.7 x as long 
as basis, subrectangular, width gradually diminished dis- 
tally, posterior margin forming weak lobe distally along 
palm, palm distinct, convex, serrated, with one pair of 
defining robust setae; dactylus falcate, exceeding palm. 

Gnathopod 2 (Fig. 3A-D) slender, minutely chelate; 
coxa subrectangular, weakly divergent distally, slightly 
produced posteroventrally; basis linear, as long as coxa, 
weakly winding at distal 1/3 length, with short setae along 
anterior and posterior margins; ischium elongate, 0.4 x as 
long as basis; merus half as long as ischium, covered with 
short setae posteriorly, with one group of elongate setae 
at rounded comer posterodistally; carpus 0.7 x as long as 
basis, 3.5 X as long as wide, anterior margin nearly straight, 
covered with short setae distally at 2/3 length, with one 
group of many elongate setae distally, posterior lobe shal¬ 
low but broad, also covered with minute setae, with one 
group of elongate setae on mediodistal surface; propodus 
0.4 X as long as carpus, slightly expanded distally, dense¬ 
ly covered with short setae distally on 2/3 length, anteri¬ 
or margin with several rows of elongate setae distally at 
half length, forming blunt angle distally, palm distinct but 
short, weakly produced forward, with one seta near hinge 
of dactylus and one small protmsion forming cavity bear¬ 
ing one dentate basket, one locking seta located at distal 
notch; dactylus also short, reaching end of palm, anchored 
at middle of distal margin of propodus, inner margin weak¬ 
ly serrate distally; oostegite linear, as long as coxa. 

Pereopod 3 (Fig. 3E, F) ordinary; coxa subrectangular, 
3.0 X as long as wide, slightly curved and produced pos¬ 
teroventrally; basis 0.6 x as long as coxa, subtrapezoidal, 
somewhat expanded posterodistally, posterior margin with 
one group of setae distally; ischium, mems, and carpus 
with many elongate setae posteriorly; ischium elongate, 0.4 
X as long as basis, anterior lobe weak; mems anterior mar¬ 
gin expanded, with only one group of setae at anterodistal 
comer weakly produced; carpus 0.8 x as long as mems, 
anterior margin slightly convex, without setae; propodus 
1.4 X as long as carpus, with seven minute setae anteriorly, 
posterior margin lined with many paired or triplet robust 
setae, with one pair of locking setae posterodistally; dac¬ 
tylus falcate, 0.3 x as long as propodus, unguis developed; 
oostegite linear, 1.2 x as long as that of gnathopod 2. 

Pereopod 4 (Fig. 4A, B) coxa deeper than wide, ex¬ 
panded posteroventrally; other articles and oostegite 
nearly similar with those of pereopod 3. 

Pereopod 5 (Fig. 4C, D) coxa large, 1.2 x as wide as 
long, weakly bilobate, anterior and posterior margins not 
angulate, posterior lobe more expanded downward; ba¬ 
sis subovoid, smaller than coxa, slightly wider than long, 
anterior margin angulate proximally, lined with 27 short 
setae and with one group of setae distally; posterior lobe 
largely expanded, rounded, its distal end reaching mid¬ 
dle of merus, margin with 15 weak crenellations; ischium 
short, with a group of setae at anterodistal comer, poste¬ 
rior lobe weak; merus expanded, anterior margin straight. 


with two robust setae marginally and one group of robust 
and slender setae distally, posterior lobe well developed, 
lined with seven slender setae, distal corner produced, 
with a short seta apically, not exceeding middle of carpus; 
carpus 0.9 x as long as merus, rectangular, 2.0 x as long 
as wide, anterior margin lined with robust setae; posterior 
margin somewhat rounded but not expanded, only with 
one group of setae distally; propodus 1.8 x as long as car¬ 
pus, anterior margin lined with many single and paired 
robust setae, with one pair of locking setae distally, pos¬ 
terior margin only with one group of setae distally; dacty¬ 
lus falcate, 0.3 x as long as propodus, unguis developed; 
oostegite linear, 0.7 x as long as that of pereopod 4. 

Pereopod 6 (Fig. 4E) 1.1 x as long as pereopod 5; coxa 
subquadrate, slightly concave anteriorly and convex pos¬ 
teriorly, bilobate, posterior lobe larger and more expanded 
ventrally, with six minute setae; basis slightly larger than 
coxa, longer than wide, anterior margin forming weak 
hump proximally, lined with 15 robust setae, with one 
group of setae distally, posterior lobe largely expanded, 
rounded, its distal end slightly exceeding ischium, mar¬ 
gin with 15 weak crenellations; ischium anterior margin 
lined with robust setae marginally and with a group of ro¬ 
bust and slender setae distally; merus expanded, anterior 
margin straight, with ten robust and two slender setae on 
anterior margin, posterior lobe well developed, distal cor¬ 
ner produced, lined with five robust setae; carpus 0.9 x as 
long as merus, rectangular, 2.2 x as long as wide, anterior 
margin lined with robust setae, posterior margin some¬ 
what rounded but not expanded, only with one group of 
setae distally; propodus 1.7 x as long as carpus, anterior 
margin lined with many paired and triplet robust setae, 
with one pair of locking setae distally, posterior margin 
with only one group of setae distally; dactylus falcate, 0.3 
X as long as propodus, unguis developed. 

Pereopod 7 (Fig. 4F) 0.9 x as long as pereopod 6; coxa 
unilobate, oblique anteroventrally; basis larger than that 
of pereopod 6, anterior margin forming weak hump prox¬ 
imally and slightly concave distally at 2/3 length, lined 
with 14 robust setae marginally and with one group of 
setae distally, posterior lobe largely expanded, rounded, 
its distal end not exceeding ischium, margin with 24 weak 
crenellations; ischium anterior margin lined with four ro¬ 
bust setae marginally and with one group of robust setae 
distally; merus expanded, anterior margin straight, lined 
with ten robust setae irregularly and with one group of se¬ 
tae distally, posterior lobe well developed, with seven ro¬ 
bust setae distally on half length, distal corner produced, 
its end reaching proximal 1/3 length of carpus; carpus 0.8 
X as long as merus, rectangular, 2.0 x as long as wide, 
anterior margin lined with 15 robust setae irregularly and 
with one group of robust setae distally, posterior margin 
somewhat rounded proximally but not expanded, with 
only one group of setae distally; propodus 1.6 x as long as 
carpus, anterior margin lined with many paired and triplet 
robust setae, with one pair of locking setae distally, poste¬ 
rior margin with only one group of setae distally; dactylus 
falcate, 0.3 x as long as propodus, unguis developed. 
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Figure 3. Pseudorchomene boreoplebs sp. n., holotype female (27.1 mm), NIBRIV0000806535. Agnathopod 2; B coxa 2; C palm 
and dactylus of gnathopod 2; D oostegite of gnathopod 2; E pereopod 3; F oostegite of pereopod 3. Scale bars 0.1 mm (C), 0.5 mm 
(A, B, D-F) 
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Figure 4. Pseudorchomene horeoplehs sp. n., holotype female (27.1 mm), NIBRIV0000806535. A pereopod 4; B oostegite of 
pereopod 4; C pereopod 5; D oostegite of pereopod 5; E pereopod 6; F pereopod 7. Scale bars 1.0 mm (A-F). 
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Figure 5. Pseudorchomene boreoplebs sp. n., holotype female (27.1 mm; A-E), NIBRIV0000806535 and paratype male (18 mm; F), 
NIBR1V0000807159. A pleon, lateral; B uropod 1; C uropod 2; D uropod 3; E telson; F habitus of male. Scale bars 0.5 mm (B-E), 
1.0 mm (A), 2.0 mm (F). 
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Pleon. Epimeron 1 subquadrate, somewhat produced 
anteroventrally, ventral margin straight, posterior mar¬ 
gin convex, with an oblique ridge on surface. Epimeron 
2 larger than epimeron 1 anteroventral corner rounded, 
weakly produced, ventral margin concave, posteroven- 
tral corner subquadrate, with an oblique ridge on surface. 
Epimeron 3 largest, somewhat expanded antero- and pos- 
teroventrally, posterior margin rounded. Urosomite 1 with 
deep dorsal depression and mid-dorsal carina (Fig. 5A). 

Uropod 1 (Fig. 5B) longest; peduncle 1.3 x as long as 
rami, with twelve short setae (including distal short seta) 
distally on half of dorsomedial margin and 31 elongate 
setae along dorsolateral margin; outer ramus almost as 
long as inner ramus, with 13 lateral and nine medial setae; 
inner ramus with two lateral and 15 medial short setae. 

Uropod2 (Fig. 5C) 0.8 x as long as uropod 1; peduncle 
as long as outer ramus, with nine small setae on dorsome¬ 
dial and seven elongate setae on dorsolateral margin; out¬ 
er ramus with 14 lateral and ten medial setae; inner ramus 
0.9 X as long as outer ramus, with 14 medial setae only. 

Uropod 3 (Fig. 5D) 0.8 x as long as uropod 2; pedun¬ 
cle 0.9 X as long as inner ramus; each ramus with plumose 
setae on medial margin; outer ramus bi-articulate, distal 
article 0.2 x as long as proximal article; inner ramus 0.8 
X as long as outer ramus, not reaching distal end of prox¬ 
imal article of outer ramus. 

Telson (Fig. 5E) 2.0 x as long as wide, cleft to about 
70%, each lobe with one weak notch bearing one robust 
and one simple seta apically and five setae dorsolaterally. 

Description of paratype male. Body length between 
15.5-18.0 mm, smaller than those of females (15.9-23.5 
mm). Not sexually dimorphic in both sexes. 

Remarks. Among five valid species of the genus Pseu- 
dorchomene, P. coatsi, P debroyeri and P. lophorachis are 
similar to each other in sharing a characteristic gnathopod 


1: the convex anterior margin of the basis and the elongate 
and extremely slender articles from ischium to dactylus 
(Chilton 1912, d’Udekem d’Acoz and Haverman, 2012). 
The remaining two species, P. plebs and P. rossi show a 
quite different, short and stocky shaped gnathopod 1. Pseu- 
dorchomene boreoplebs sp. n. also has a stocky gnatho¬ 
pod 1, but this new species can be readily distinguished 
from P. rossi by the following differences: 1) the color of 
the eyes in life is red or brown (vs. black in P. rossi), 2) 
the basis of gnathopod 1 is more expanded, 3) the coxa of 
pereopod 5 is wider than that of P. rossi and the posterior 
lobe is more produced downward in P. boreoplebs sp. n., 
4) the merus of pereopod 5 is less expanded, it has slender 
tapering setae posteriorly (vs. robust setae only in P. rossi), 
and the carpus of pereopod 5 is not expanded posteriorly 
(vs. expanded posterodistally in P rossi), 5) the merus and 
carpus of pereopods 5 and 6 are less or not expanded, 6) 
the anteroventral comer of pleonal epimeron 1 is more pro¬ 
duced, and 7) the apex of the inner ramus on uropod 3 is not 
reaching the distal end of the outer ramus (vs. subequal in 
P rossi) (Walker 1903, d’Udekem d’Acoz and Haverman, 
2012). Pseudorchomene boreoplebs sp. n. is quite similar 
to P. plebs, but could be distinguished by the following dif¬ 
ferences: 1) the distal palp article of maxilla 1 is swollen 
laterally and has 13 robust setae and one simple seta on 
apical margin (vs. curved, but not swollen and eight robust 
setae only in P. plebs, see the Hurley 1965), 2) the carpus of 
gnathopod 2 is 3.5 times as long as wide (vs. 2.6 times as 
long as wide in P. plebs), 3) the propodus on gnathopod 2 
is slightly angulate anterodistally (vs. convex anterodistally 
in P. plebs, see Hurley 1965), 4) the posterior margin of the 
coxa on pereopod 5 is more convex, wider and not angulate 
(vs. slightly angulate posteroventrally in P. plebs), 5) the 
posterior margin of the mems on pereopod 5 has slender 
setae only (vs. has robust and slender setae in P. plebs), and 
6) the anteroventral comer of epimeron 1 is more produced 
(Hurley 1965, d’Udekem d’Acoz and Haverman, 2012). 


Key to known species of the genus Pseudorchomene (modified after d’Udekem d’Acoz and Havermans 2012) 

1 Gnathopod 1 basis anterior margin convex; other articles slender and elongate .2 

Gnathopod 1 short, stocky; basis largely expanded, anterior margin straight.4 

2 Somites of pereon and pleosome with small posterior humps. 

. Pseudorchomene lophorachis d’Udekem d’Acoz & Haverman, 2012 

Somites of pereon and pleosome without small posterior humps.3 

3 Gnathopod 1 palm oblique. Gnathopod 2 carpus 2.3 x as long as wide. Pereopod 7 carpus anterior margin setose mod¬ 
erately, posterior margin with posterodistal setae only.Pseudorchomene coats/(Chilton, 1912) 

Gnathopod 1 palm transverse. Gnathopod 2 carpus 3.0 x as long as wide. Pereopod 7 carpus anterior margin setose 

densely, posterior margin and posterodistal corner with setae. 

. Pseudorchomene dehroyer/d’Udekem d’Acoz & Haverman, 2012 

4 Eye deep black in life. Pereopod 5 merus of 1.2 x as long as wide, posterior margin with robust setae only. Uropod 3 

inner ramus reaching the base of article 2 of outer ramus. Pseudorchomene rossi QPalker, 1903) 

Eye red or dark brown in life. Pereopod 5 merus of 1.5 x as long as wide, posterior margin with slender and robust setae 
or slender setae only. Uropod 3 inner ramus not reaching the base of article 2 of outer ramus .5 

5 Gnathopod 2 carpus 0.5 x as long as basis, 2.6 x as long as wide; propodus convex anteriorly (not angulate anterodis¬ 
tally). Pereopod 5 merus with slender and robust setae . Pseudorchomene plebs (Hurley, 1965) 

Gnathopod 2 carpus 0.7 x as long as basis, 3.6 x as long as wide; propodus weakly angulate anterodistally. Pereopod 
5 merus with slender setae only. Pseudorchomene boreoplebs sp. n. 
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Marine driftwood, both when fioating at the sea surface and after stranding in the supra- 
littoral of a beach, has been inadequately sampled for talitrids throughout the world. It is 
probable that many more talitrids than the seven currently recognized as driftwood spe¬ 
cies are extant. Because they are obligate xylophages all seven species are considered to 
be specialized driftwood talitrids. They contrast with talitrids able to feed on either wrack 
or driftwood, as has been established experimentally in Platorchestia platensis (Kroyer, 
1845). For the best known genus of specialized driftwood talitrids, Macarorchestia, there 
are two zoogeographic series: Northeast Atlantic; M. microphtalma - M. roffensis -M. 
martini and Mediterranean: M. remyi - M. pavesiae. Both geographic series are charac¬ 
terized by increasing dwarfism. Experimental studies suggest that dwarfism evolved to 
allow talitrids to occupy the small burrows made by gribbles (Isopoda, Limnoridae) in 
driftwood, and/or because driftwood was a poor quality food by comparison with wrack. 
The phylogenetic advantages of talitrids living in driftwood are that: they are protected 
from shorebird predation, they are provided with a long distance dispersal mechanism, 
and they have a relatively long term, albeit poorer quality, food source. Molecular genetic 
studies confirm that both Macarorchestia and Neotenorchestia have evolved by dwarfism 
from larger Orchestia ancestors. 


Introduction 

The Talitroidea are a superfamily of Gammaridean Am- 
phipoda and among the families of which it is composed, 
the largest is the Talitridae (=talitrids) with over 250 spe¬ 
cies listed by Serejo & Lowry (2008). Talitrids are char¬ 
acterized by reduced uropod 3, with antenna 1 shorter 
than antenna 2, the mandible lacking a palp and with palp 
of the maxilla reduced (Bousfield 1973). Every year more 
species are added to the list, suggesting that the taxonomy 
is at an early stage of development. The current morphol¬ 
ogy-based taxonomy of the Talitridae is unsatisfactory 
(Lincoln 1979; Wildish 1988) for the following reasons: 

• Perhaps 2 to 20 times less than the likely total species 
number within the family (-500-5000) have been 
collected and formally described 

• Inadequate sampling effort is available to discover 
new species 


• Too few taxonomists are available to formally de¬ 
scribe the new species already discovered (e.g. Bous¬ 
field 1984) 

• The powerful molecular genetic methods now avail¬ 
able have not been applied adequately to further tal- 
itrid taxonomy 

• Morphology-based phylogeny’s are likely to suffer 
from convergence problems (see below) 

Classification of talitrids at levels higher than the 
species is likely to suffer from convergence problems 
if it is based only on morphological criteria (Bousfield 
1982). This caveat probably also applies to the morphol¬ 
ogy-based cladistics studies of Serejo (2004) and Lowry 
and Myers (2013). Modern molecular genetics has begun 
to be applied to the taxonomy of talitrids (e.g. Radulovi- 
ci 2012; Pavesi and Ketmaier 2013; Pavesi et al. 2013; 
Yang et al. 2013; Kim et al. 2013; Pavesi et al. 2014; Bal- 
danzi et al. 2016; Wildish et al. 2016). Yet, a much wider 
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geographic coverage of talitrid species is required before 
phylogenetic patterns can aid in the higher classification 
of the Talitridae. 

An alternative way of classifying talitrids is by the eco¬ 
logical habitats, or ecotopes, that they occupy. Talitrids are 
found on all continents, with the exception of Antarctica, 
in the following ecotopes: eulittoral or supralittoral wrack, 
supralittoral sandy beaches, supralittoral marshes, drift¬ 
wood and caves which open in the supralittoral (Table 1). 
Besides these marine/estuarine habitats talitrids are found 
in freshwater and in true terrestrial habitats including 
semi-topical/ tropical forest plant litter, grassland and soil 
ecotopes. Talitridae are the only amphipod family to have 
representative species found in fully terrestrial habitats. 

This is a review of the evolutionary ecology of those 
talitrids which are capable of living in both fioating or 
stranded driftwood. We define the technical terms used in 
this presentation as follows: 

Driftwood depository: that part of the marine su¬ 
pralittoral, often associated with salt marshes or small 
streams discharging to the sea, where significant amounts 
of driftwood accumulate (Wildish and Robinson 2016a). 

Driftwood talitrids: an ecological grouping of talitrids 
specialized for obligately living in and feeding on rotting, 
damp driftwood as the primary ecotope (Wildish 1988). 

Ecotype: a locally adapted population within a species 
which is characteristic of a particular ecotope (Lincoln et 
al. 1982). 


Interspecific squatting: the relationship between two 
genetically different species, in which the builder inad¬ 
vertently assists the occupier to find shelter. E.g. the use 
by a hermit crab of an un-occupied gastropod shell (Wild¬ 
ish and Robinson 2016a). 

Primary ecotope: the particular habitat in which a 
species is commonly found and to which it has evolved 
characteristic adaptations (Wildish and Robinson 2016a). 

Saproxylobios: those organisms living in, or on, rot¬ 
ting wood (Lincoln et al. 1982) 

Secondary ecotope: the particular habitat in which 
a species is less commonly found and to which it lacks 
characteristic adaptations (Wildish and Robinson 2016a). 

Wrack: dis-lodged marine macroalgae, either floating 
at the sea surface, or after stranding on a beach following 
tidal and wind action. 

Xylophagous (= lignivorous, dendrophagous): said of 
an organism feeding on wood. (Lincoln et al. 1982) 

Xylotomous. Used of an organism able to cut or bore 
directly into wood. (Lincoln et al. 1982) 

Driftwood Specialist Talitrids 

Presently known driftwood talitrids (Table 2) includes a 
total of seven species. As far as can be determined they 
are xylophagous (=hgnivorous), obligately associated with 
driftwood and have not been found in other habitats. Part 


Table 1. Classification of primary Talitrid ecotopes, with some examples of the ecotypes occupying them. 


Ecosystem 

Primary Ecotope 

Ecotype examples 

Marine/estuarine 

Eulittoral wrack 

Orchestia mediterranea 

0. aestuarensis 

Supralittoral wrack 

Orchestia gammarellus 

Mexorchestia sp. 

Supralittoral sand burrowing 

Talitrus saltator 

Megalorchestia sp. 

Supralittoral marsh 

Orchestia griiius 

Uhiorchestia uhieri 

Supralittoral driftwood 

Macarorchestia remyi 

M. roffensis 

Freshwater 

Supralittoral estuarine/freshwater wrack 

Cryptorchestia cavimana 

Terrestrial 

Rainforest leaf litter 

Orchestia gomeri 

Paimorchestia epigaea 

Cave living 

Paimorchestia hypogaea 

Minamitaiitrus zoitani 

Grassland 

Maka we hurieyi 

Puhuruhuru patersoni 

Soil- burrowing 

Keratroides aibidus 


Table 2. List of the known species of driftwood specialist talitrids recognized by 2017. N1 is the number of individuals reported as 
type material, N2 is the number of references which include each named species in the biological study reported. See Supplementary 
List for the full list of references. 


Taxa 

N1 

N2 

Zoogeographic area 

M. microphtaima (Amanieu & Salvat, 1963) 

?20 

8 

North- 

M. roffensis (Wildish, 1969) 

418 

24 

East 

M. martini Stock, 1989 

9 

11 

Atlantic 

M. remyi (Schellenberg, 1950) 

7 

29 

Mediterranean 

M. pavesiae Wildish, 2014 

15 

2 

Sea 

Neotenorchestia kenwiidishi Wildish, 2014 

10 

2 

NE Atlantic 

“Piatorchestia” chatamensis Bousfield, 1984 

1 

9 

NW Pacific 
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of the reason for the paucity of species is that driftwood 
talitrids are rare and difficult to collect. Supralittoral strand¬ 
ed, driftwood must be seawater-dampened and at the right 
stage of microbial decomposition for the possibility that 
talitrids be present. Sampling requires cutting open the 
driftwood with a hand axe or chain saw. Only one species, 
N. kenwildishi, has been sampled from a floating, drift¬ 
wood log which stranded on the rocky shore at the Lappel, 
Isle of Sheppey, U. K. (Wildish 2014). All of the other col¬ 
lections have been from already stranded driftwood which 
had been deposited in the high supralittoral, often in con¬ 
tiguous marshes. The rarity of driftwood specialist talitrids 
is emphasized by the small number of individuals included 
in the type series, N1, at the first description of each species 
(Table 2), or by the few references for each species (N2 in 
Table 2). A complete list of references for each driftwood 
talitrid is available as a Supplementary Reference List. 
For R chathamensis, only a single adult female (Bousfleld 
1984), for Neotenorchestia. 9 juveniles and 1 immature 
male (Wildish 2014) and for M. martini. 1 adult male and 
8 females (Stock 1989), were available as type specimens. 

Driftwood talitrid taxonomy suffers from all of the 
problems mentioned in the Introduction, with the key one 
being an inadequate sampling effort. In fact only two geo¬ 
graphic areas: the north-eastern Atlantic and Mediterra¬ 
nean coasts have been examined in a preliminary way for 
driftwood specialist talitrids. Further intensive geograph¬ 
ic sampling within this area would be expected to yield 
more species. Intensive sampling of stranded driftwood 
in other parts of the world, particularly in southern tem¬ 
perate regions, is predicted to yield many more species. 

Driftwood primary ecotype 

A talitrid, Macarorchestia roffensis, from the Medway 
estuary, U.K., specialized for living permanently in drift¬ 
wood was originally recognized by Wildish (1982), inclu¬ 
sive of the experimental demonstration that this species 
could live in culture soley on rotting driftwood for at least 
6 months. A second talitrid population of Macarorchestia 
remyi, from the Tyrrhenian Sea, Italy was studied eco¬ 
logically over a one year period and shown to be closely 
associated with rotting driftwood (Pavesi & De Matthaeis 
2009). This lignivorous dependence by these two species 
of Macarorchestia probably extends to all five species 
listed in Table 2, because they have always been found 
associated with driftwood. We distinguish these ecotypes 
as primary because they show characteristic adaptations 
(see below) to the driftwood ecotope and to distinguish 
them from secondary ecotypes which facultatively utilize 
rotting driftwood and do not share characteristic drift¬ 
wood adaptations. Wildish & Robinson (2016a) conduct¬ 
ed a preliminary ecological study of driftwood deposito¬ 
ries in Passamaquoddy Bay, Canada and in one of these at 
Hartley Cove found no driftwood specialist talitrids, but a 
generalist wrack talitrid which had acclimated to living in 
driftwood, as is discussed in the next section. 


Driftwood secondary ecotype 

The primary ecotype for Platorchestia platensis is as a 
wrack generalist (Bock 1967; Behbenhani and Croker 
1982; Hodgson et al. 2014), but during an ecological 
study of a driftwood depository this species was found 
in rotting driftwood in significant numbers. Thus in a 45 
X 10 X 10 cm piece of driftwood maintained in culture 
over 300 P. platensis were present and they were main¬ 
tained soley on driftwood for > 6 months (Wildish and 
Robinson 2016a). P. platensis cultured in this way were 
found to have a significantly reduced basal metabolic rate 
in comparison with wrack-cultured P. platensis (Wildish 
and Robinson 2016b). 

Driftwood ecotope 

Woody wastes from both monocotyledonous and dicoty- 
ledenous plants have existed for over 120 MYA (Atlantic 
Geoscience Society 2001), that is to say for all of the geo¬ 
logical time that talitrids split off from a hyalid-like ances¬ 
tors some 110 MYA according to Bousfleld (1984). The in¬ 
put of woody wastes on land occurs initially to freshwater 
as a result of leaf fall, branch fall as a result of lightning, to 
whole trees being eroded from river banks. The reception 
and fate of driftwood in freshwater ecosystems is relative¬ 
ly well studied (Stoklund et al. 2012). In addition to the 
natural input, in more recent times an anthropgenic input, 
inclusive of discarded lumber from wooden buildings, 
wharf pilings and ships has occurred. Some of the drift¬ 
wood input reaches the marine ecosystem, via estuaries, or 
via direct input to the sea. Driftwood as a floating substrate 
for invertebrate hitchikers has been reviewed by Thiel & 
Gutow (2005a) and Thiel & Haye (2006). However, the 
decay succession of marine driftwood is poorly known, 
but undergoes the general stages shown in Fig. 1. After pri¬ 
mary colonization by a specialized, halophytic microflora, 
consisting of fungi and bacteria, plus a few unique species 
of invertebrates such as gribbles (Isopoda, Limnoridae) 
and chelurid amphipods which are xylotomous, that is to 
say produce native wood degrading enzymes in their gut, 
and thus can burrow into fresh driftwood without the aid 
of microflora (Kem et al. 2013). Secondary colonizers fol¬ 
low, all of which are xylophagous, trophically relying on 
the wood degrading microflora in some as yet un-specifled 
way. These include the driftwood specialist talitrids where 
studies on the physiology of digestion have been unable 
to demonstrate whether cellulases present in the talitrid 
gut originate from native sources, or from symbiotic gut 
microorganisms (Agrawal 1961; Wildish and Poole 1970; 
Johnston et al. 2005). 

Other invertebrates which are xylophagous, secondary 
colonizers besides talitrids and which spend at least part 
of their lifecycle within decomposing driftwood include: 
termites, ants, isopods, centipedes, a variety of insect 
larvae, inclusive of beetles (Amanieu and Salvat 1963; 
Wildish 1982; Thiel and Gutow 2005b). 
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Terrestrial 


Marine 



Figure 1. Driftwood decay succession in the marine/estuarine 
environment. Primary colonizers include cellulolytic fungi and 
bacteria, gribbles and chelurid amphipods. Secondary colonizers 
include talitrids, isopods, chilopods, insect larvae, ants, termites. 


At some stage towards the end of the decay succes¬ 
sion (Fig. 1) driftwood looses its buoyancy and if float¬ 
ing at sea, sinks. Some experimental studies in northern 
climates conducted to determine how long rafted timber 
can remain afloat, when it is floated down estuaries to 
the sawmill, have shown that it depends on the tree spe¬ 
cies and varies from 6 to 17 months (Haggblom 1982). 
It is probable that driftwood which sinks will result in 
the extirpation of any talitrid fauna. Commonly, natural 
driftwood will strand on a beach in the supralittoral and 
sometimes in a driftwood depository - a special location 
in the supralittoral where signiflcant amounts of drift¬ 
wood accumulate, often in salt marshes or where small 
streams empty to the sea (Wildish and Robinson 2016a). 
None of the driftwood contained primary ecotypical tali¬ 
trids and only two of 50 marked driftwood specimens ex¬ 
amined closely at the Hartley Cove driftwood depository 
contained secondary ecotype, P. platensis (Wildish and 
Robinson 2016a). Very few of the other driftwood spec¬ 
imens cursorily examined at Hartley Cove appeared to 
contain talitrids (usually because the driftwood was too 
dry) suggesting that P. platensis-ocmxidition of driftwood 
was a comparatively rare phenomenon. 


Zoogeography and dispersal of 
driftwood talitrids 

Preliminary geographic sampling, using the special meth¬ 
ods needed to sample stranded marine driftwood (see 
above) have only been completed in northeast Atlantic 


and Mediterranean coastal regions. As far as is known, 
no concerted efforts have been employed to sample float¬ 
ing driftwood at sea. Because of the lack of geographic 
coverage in sampling driftwood it is probably premature 
to begin a discussion on the zoogeography of driftwood 
talitirids. However, for the genus Macarorchestia, some 
preliminary findings are available for the five, probably 
incompletely, known species (Wildish 2014). Thus there 
are two geographically separated species-groups of Mac¬ 
arorchestia, as follows: 

• Northeast Atlantic: microphthalma - rojfensis - mar¬ 
tini, and 

• Mediterrananean: remyi - pavesiae 

In both series there is a trend towards dwarfism (see 
total body length data for males and females in Pavesii 
et al. 2014). 


Talitrid adaptations 

Characteristic adaptations of driftwood specialist talitrids 
are contrasted with the other ecotypes shown in Table 3. 
Driftwood adaptations are closest to those for cave-living 
talitrids, with similarities which include small size, sexu¬ 
al dimorphism in which females are equal or larger than 
males, reduced pleopods and oostegites and the absence 
of dorsal pigment patterns. The two signiflcant differenc¬ 
es between the ecotypes are that eyes are small versus 
absent or vestigial and that the male second gnathopod is 
subchelate versus mitten-like, in cavernicolous talitrids. 


Driftwood talitrids and their specialist 
adaptations 

Most of the adaptations associated with currently known 
talitrids from a primary driftwood ecotope (Table 3) are 
morphological in nature. This is because so little is known 
about the physiology and behaviour of the driftwood spe¬ 
cialist talitrids. Presented below is what is known about the 
driftwood talitrid specialist adaptations listed in Table 3. 

The evolution of Macarorchestia and Neotenorches- 
tia has involved dwarfism from a presumed larger wrack 
generalist ancestor. The underlying physiological chang¬ 
es involved in dwarfism are reduced growth rates in M. 
rojfensis (Wildish 1982) and reduced basal metabolic 
rates in M. remyi (Wildish et al. In preparation). In ad¬ 
dition the onset of sexual maturity begins at an earlier 
moult stage in M. roffensis (Wildish 1982). This means 
that slower growing driftwood specialist talitrids have 
fewer moults per life history than wrack generalist ones, 
such as Orchestia. 

The reduction in body length within Macarorchestia 
varies between the sexes (data in Table 4, Pavesi et al. 
2014). In the largest, M. microphtalma, body length is 
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Table 3. Characteristic adaptations of talitrids (mainly from the Northeast Atlantic and Mediterranean Sea regions). 


Morphological characteristic 

Wrack generalist 

Sand burrowing 
specialist 

Driftwood 

specialist 

Cave-living 

specialist 

Rainforest leaf 
litter generalist 

Body length(TBL), mm 

>15 

>15 

<15 

<15 

<15, >15 

TBL, sexual dimorphism 

M>F 

M>F 

F>M 

F>M 

F>M, M>F 

Male gnathopod 2 subchelation 

Strongly subchelate 

Mitten-like 

Subchelate 

Mitten-like 

Subchelate or 
mitten-like 

Peraeopod length of 6 and 7 

Long 

Medium 

Short 

Very long 

Short/long 

Eye size 

Medium 

Large 

Small 

Vestigial/absent 

Small/medium 

Pleopod size 

Large 

Large 

Medium/small 

Small 

Small/large 

Oostegite size 

Large 

Large 

Medium/small 

Small 

Small/large 

Dorsal pigment patterns 

Present 

Present, or reduced 

Absent 

Absent 

Present/absent 


Table 4. Maximum total body length, mm (TBL) of adult female Macarorchestia from Pavesi et al. (2014), equivalent body depth, 
mm (BD) predicted from equation shown in the text and estimated percentage of available gribble burrows each taxon can occupy, 
based on data from the Bay of Fundy (Wildish and Robinson 2016a). 


Taxa 

TBL, mm 

BD, mm 

% of gribble burrows each taxon can occupy 

M. m/crophfa/ma (Amanieu & Salvat, 1963) 

13.94 

1.92 

58.2 

M. remy/(Schellenberg, 1950) 

11.47 

1.60 

76.1 

M. paves/ae Wildish, 2014 

9.36 

1.33 

87.1 

M. roffens/s (Wildish, 1969) 

8.30 

1.19 

91.9 

M. martini Stock, 1989 

6.22 

0.92 

98.0 


only slightly larger in the male, whilst in the series of 
successively smaller species down to the smallest, M. 
martini, adult females are larger than males. This sug¬ 
gests less competition by smaller male driftwood talitrids 
for mates, because among larger wrack generalist the 
males out-compete smaller ones during mating (William¬ 
son 1951). An opposing evolutionary imperative is that 
smaller body size forces a reduced reproductive output 
(Wildish 1979), which is counter-measured by female 
size being reduced as little as possible. Male second gna- 
thopod subchelae are used in clasping females for copu¬ 
lation as in Orchestia (Wildish 1979), but their relatively 
small size implies that they are less useful in agonistic 
threats during male competition for mates. 

Driftwood specialist talitrids spend much of their life 
in small confined spaces: typically in empty gribble (Isop- 
oda, Limnoridae) burrows. The diameter of these burrows 
in driftwood ranges from 0.6 to 5 mm in diameter (Wild¬ 
ish and Robinson 2016a) in the Bay of Fundy. Presuming 
that similar gribble burrow diameters apply on the north¬ 
east Atlantic coasts of Europe leads to the assumption that 
peraeopod lengths are reduced in Macarorchestia, so 
they can better negotiate the narrow burrows they occupy. 

A further result of spending much of their life crypto- 
zoically within driftwood is the lack of need for vision for 
foraging, astronomical-mediated locomotion and preda¬ 
tor avoidance (Scapini 2006). Senses such as tactility and 
chemosensing become more important in the cryptozoic 
environment within driftwood. Consequent reduction in 
size and importance of eyes is to be expected. However, a 
complete loss of eyes, as occurs in some cave living spe¬ 
cialist talitrids (Bousfield and Howarth 1976), does not 
occur in driftwood specialists. This may be because drift¬ 
wood talitrids need to move to a new driftwood habitat. 


where eyesight to locate it and to avoid bird predation is 
still an advantage. 

Both pleopods and oostegites are reduced relative to 
body length (compared to Orchestia). Pleopods are func¬ 
tional in swimming and when stationary in seawater of 
drawing a current across the ventral body groove, for 
respiratory exchanges. Because of dwarfism and lower 
basal metabolic rate the ventilator current need not be as 
energetic as in larger, more active wrack generalist tali¬ 
trids. Consequently the evolutionary process supports a 
reduction in pleopod size. For oostegites the small body 
size of driftwood talitrids dictates a smaller reproductive 
output, as fewer ova per brood (Wildish 1979). Brood 
numbers for three species of Macarorchestia are shown 
in Wildish et al. (2012) and demonstrate the effect of de¬ 
creasing body size dictating fewer ova/brood. This obvi¬ 
ates the need for large, extensive oostegites which are a 
requirement when many ova are in the brood pouch. 

The function of dorsal pigment patterns in wrack general¬ 
ist talitrids has been hypothesized to be as camoufiage from 
shorebird predators (Wildish and Martell 2012; Wildish and 
LeCroy 2013). As driftwood specialist talitrids are rarely 
away from their driftwood burrows their need for camou¬ 
flage is minimal. Consequently, the deposition of pigments 
in the integument of driftwood species is dispensed with. 

Ultimate causes of dwarfism in 
driftwood specialist talitrids 

Three hypotheses were experimentally investigated as 
environmental triggers for dwarfism in driftwood special¬ 
ist talitrids (Wildish and Robinson 2016b): 
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• Small size reduced the absolute quantity of dissolved 
oxygen needed during dispersal at sea. The environ¬ 
mental trigger was low availability of dissolved oxy¬ 
gen within driftwood. 

• That driftwood was a poor diet and forced slower 
growth 

• That smaller size allowed driftwood living talitrids 
to occupy many more of the available empty gribble 
burrows, which are commonly present in driftwood. 

The first hypothesis was discarded because model cal¬ 
culations showed that all talitrid sizes would be limited 
by oxygen availability in static conditions. In fact such 
conditions would not occur within gribble burrows be¬ 
cause talitrid pleopod beating would induce a ventilatory 
current across the ventral respiratory surfaces, thus pre¬ 
venting oxygen starvation. 

Both of the next two hypotheses were supported by 
physiological and behavioural experiments. Culture ex¬ 
periments in which a driftwood specialist, M. remyi, and 
a wrack generalist, P. platensis, were fed driftwood, re¬ 
sulted in a reduced basal metabolic rate and consequent 
reduction in growth rate in comparison with wrack fed P. 
platensis. Recent experiments (Wildish et al. In prepara¬ 
tion) have shown that the driftwood-fed P. platensis accli¬ 
mates, rather than adapts to the driftwood ecotope. Such 
experiments suggest how driftwood talitrids could evolve 
from wrack generalists by initial acclimation to feeding 
on driftwood by lowering basal metabolism and growth. 
Presumably this would eventually be genetically fixed in 
driftwood specialist ancestors. 

The above results do not explain how serial dwarfism 
observed in Macarorchestia species could occur. Perhaps 
the behavioural experiments, designed to examine the last 
hypothesis listed above can do so. In these experiments 
it was shown that talitrids were limited by body size to 
the gribble hole diameter that they could negotiate. The 
measurement of body depth (BD) proved to be the best 
indicator of body size which could negotiate a particular 
diameter of gribble burrow, in behavioural experiments 
on this point (Wildish and Robinson 2016b). Conse¬ 
quently the regression equation for BD on total body 
length (TBL) for a population of M. remyi from Principi- 
na-a-Mare, Italy, was used as follows: 

(BD) = 0.1298(TBL) + 0.1115, N = 24, R^ = 0.89. TBL 
size range from 7.0 to 20.5 mm. 

If we assume that the same relationship applies to all 
species within Macarorchestia, we can predict from this 
equation what burrow diameter each species can occupy. 
The results are shown in Table 4 and by comparison with 
the observed frequency of gribble burrow diameters, the 
percentage of gribble burrows each species can occupy 
can be calculated. Thus the smallest species, M. martini, 
can negotiate nearly all of the smallest gribble burrows, 
whilst the largest, M. microphtalma, is limited to only 
58% of the available burrows. 


Land colonization and the contiguous 
habitat hypothesis 

In an earlier review which included land colonization 
by talitrids (Wildish 1988) the evolutionary process was 
based on the juxtaposition of ecotopes and the likely 
possibility that passive or active migration would carry 
talitrids into an adjacent ecotope. One example of this 
contiguous habitat hypothesis is provided by the genus 
Palmorchestia endemic on the Canary Islands (Stock and 
Martin 1988; Stock 1990). It was proposed that ances¬ 
tors of the genus arrived on La Palma, Canary Islands 
as a driftwood talitrid, was passively carried into a cave 
by tidal action, where it evolved into the cavernicolous 
talitrid: Palmorchestia hypogaea (Wildish 2012). By dis¬ 
persal within the natural lava tubes which permeate La 
Palma ancestors of this species emerged into the contig¬ 
uous, subtropical rainforest, where they evolved into the 
terrestrial talitrid, Palmorchestia epigaea. Molecular ge¬ 
netic studies by Villacorta et al. (2008) support this view, 
including the finding that both species were closely relat¬ 
ed and that the cave-living Palmorchestia was older than 
the rainforest leaf-litter form. Villacorta et al. (2008) also 
presents genetic evidence that two Canary Island endem¬ 
ic terrestrial talitrids: Orchestia guancha and O. gomeri 
are close phylogentically to the wrack generalist O. gam- 
marellus. This finding supports the contiguous habitat 
hypothesis that ancestors of a wrack generalist talitrid 
crossed, either actively or passively by tidal/wind action, 
the terrestrial boundary and adapted to rainforest leaf lit¬ 
ter. A possible scenario for talitrid land colonization is 
depicted in Fig. 2, with evolutionary pathways having 
some molecular genetic support shown by solid arrows. 
Bousfield (1984) proposed that in the Lower Cretacious 
(110-135 MYA) ancestral hyalids gave rise to freshwater 
hyalellids, intertidal hyalids and ancestral talitrids. Then 
in the Middle Creatacious (90-110 MYA) the main tal- 
itroid lines diverged. One of these was the non-cuspate 
terrestrial talitrids originating at -105 MYA. The Pal¬ 
morchestia evidence presented above suggests that land 
colonization may have recurred repeatedly throughout 
talitrid evolution and thus the phylogenetic picture for 
this group may be replete with convergencies. 

The finding by Wildish and Robinson (2016a) that 
the wrack generalist, Platorchestia platensis, can occur 
occasionally in driftwood as a secondary ecotope pro¬ 
vides further support for the contiguous habitat hypoth¬ 
esis. Additional evidence is that on the northeast Atlan¬ 
tic coast the wrack generalist, Orchestia gammarellus, 
is also occasionally found in marshes (Dias and Sprung 
2001; Schrama et al. 2015). It seems general that talitrids 
well adapted to one type of ecotope, will occasionally be 
found in an adjacent one, as long as the environmental 
conditions (biotic and physical including humidity, tem¬ 
perature, decaying plant material, etc) permit it. 


zse.pensoft.net 



Zoosyst. Evol. 93 (2) 2017, 353-362 


359 


INFRALITTORAL 





Figure 2. Hypothetical pathway of land colonization by talitrids. Oval boxes are generalists, oblong boxes are specialists. Dashed 
arrows are hypothetical and those with solid arrows indicate some genetic evidence. 


Talitrid transfer between driftwood 
specimens 

Because each driftwood specimen in which talitrids are re¬ 
siding has a finite life during the decay process, we know 
that there must be exchange from one driftwood specimen 
to another. When, and at what talitrid life history stage 
this re-colonization occurs remains a mystery. The trans¬ 
fer may be different depending on whether the talitrid in¬ 
volved is occupying a primary or secondary ecotope. 

For primary, driftwood, ecotypical talitrids who appear 
to spend all their life history within damp, rotting drift¬ 
wood, the most plausible location for exchange between 
driftwood specimens would be within a driftwood depos¬ 
itory. Here driftwood specimens at all stages of the decay 
cycle are present and may be closely aligned to each oth¬ 
er. As the old driftwood disintegrates nearby driftwood 
specimens are available to accept emigrating driftwood 
talitrids. However, no field observations are available 
which have observed driftwood transfer. Clearly further 
field and laboratory behavioural observations are needed 
to answer this question. This would include measuring 
the periodicity of locomotory activity in a representative 
driftwood specialist talitrid, as is already available for 
wrack generalists (Wildish 1970). 

In secondary ecotypical talitrids the nature of the 
driftwood transfer is subtly different. Here the adoption 
of driftwood as a shelter and source of food occurs as 
part of the contiguous habitat hypothesis. Thus if wrack 
is scarce or unavailable wrack generalist talitrids, such as 
P. platensis, are able to acclimate to driftwood, but can 


return to feeding on wrack if it becomes available again 
(Wildish & Robinson, In preparation). 

Discussion 

It is obvious from this review that all aspects of the biol¬ 
ogy of driftwood talitrids - either those occupying it as a 
primary or secondary ecotope - are at a very early stage 
of development. Thus all aspects of the biology of drift¬ 
wood talitrids are in need of further work. To emphasize 
research projects of most use in advancing an understand¬ 
ing of the study of the evolutionary ecology of driftwood 
talitrids the following are listed: 

• World-wide search for talitrids in driftwood, particu¬ 
larly where driftwood depositories are present 

• More research on molecular genetic methods as it is 
applied to talitrid phylogeny and taxonomy 

• Develop experimental methods that can be used to 
distinguish primary from secondary ecotypes 

• Ecological studies on the decay succession of drift¬ 
wood: inclusive of mass balances of driftwood to the 
oceans; microbial organisms, pathways and products 
involved in wood decay; secondary driftwood colo¬ 
nizers and how talitrids interact ecologically with the 
other invertebrates present in driftwood 

• Physiological studies of digestion to resolve the role of 
microbes and how they are utilized in the talitrid gut 

• Molecular genetic studies of driftwood talitrids and 
their potential ancestors, to provide a phylogeny of 
the driftwood talitrid ecological group 
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• Identification of the genetic and hormonal system 
which initiates sexual development in talitrids 

• Experimental testing of the assumptions made in con¬ 
structing the gribble burrow squatting hypothesis 

• Behavioural studies with driftwood talitrids in prima¬ 
ry and secondary ecotopes. 

Some of the above are suitable as post graduate re¬ 
search projects and their completion will establish the 
evolutionary ecological study of driftwood talitrids on a 
much firmer scientific foundation. 
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Abstract 

A complete list of new molluscan taxa introduced by Col. George Montagu (1753-1815) 
is presented. The available type material of these taxa are itemised and illustrated. The 
majority are present in the Royal Albert Memorial Museum & Art Gallery, Exeter with a 
smaller number in the Natural History Museum, London. The historic background of both 
collections is reviewed with special reference to the many non-British species spuriously 
introduced into Testacea Britannica and its Supplement. 


Dedicated to Ron Cleevely 
20/6/1934-26/2/2017 

An ardent student of Col. George Montagu and Eliza D’Orville 


Introduction 

This paper is primarily a catalogue aimed at increasing 
access to type and potential type specimens of molluscan 
species described by Colonel George Montagu (1753- 
1815). The focus is on the presence and status of extant 
material but these specimens date from the Regency pe¬ 
riod when taxonomy was in its infancy and was carried 
out by an eclectic group of naturalists. The biographical 
details of these early collectors are as interesting as the 


shells they described but these are stories for a different 
time and not explored in detail here. 

Wider perspectives on Montagu can be gleaned from 
Cleevely (1979), Swanton (1908) and Cummings (1915). 
For his relationships with other naturalists of the day, 
especially William Elford Eeach we refer the reader to 
Harrison and Smith (2008). Montagu is also discussed 
in relation to collecting versus science by Tobin (2014) 
in her exploration of the Duchess of Portland collection. 
The following details are extracted from these references. 
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Montagu had always been interested in natural history 
but in his early years was a career soldier rising to the 
rank of Colonel. Soldiering started early, and at the age of 
seventeen he was commissioned as an officer with post¬ 
ings in England and Ireland. He was posted to America 
in 1776 and fought in the War of Independence, where 
despite the confiict he found time to shoot and collect¬ 
ed, to what to him, were exotic birds. In 1773 he mar¬ 
ried his first wife, Ann Courtenay (niece of the 3rd Earl 
of Bute, John Stuart) with whom he had six children. In 
1777 he left the regular army but obtained a commission 
in the Wiltshire Regiment of militia rising to the rank of 
Eieutenant Colonel. In 1789 he wrote to Gilbert White 
'"that were he not bound by conjugal attachment he would 
have liked to ride his hobby into distant parts'" suggesting 
that he felt trapped in his marriage. Around 1795 he met 
Eliza D’Orville who was to become his mistress and in 
1798 he moved to Devon with Eliza. This caused scan¬ 
dal among his society friends, family and the army and 
he was court-martialled under the pretence of "actions 
prejudicial to junior officers"". Once in Devon he devoted 
himself to researching and publishing on a diverse range 
of animals, notably birds and molluscs. Eliza often beau¬ 
tifully illustrated his publications and it was through their 
son Henry D’Orville that a collection went to Exeter in 
1874. Montagu’s most notable works are his Ornitholog¬ 
ical Dictionary of 1802 and his Testacea Britannica of 
1803 & 1808. In 1815 Montagu stood on a rusty nail and 
developed tetanus from which he died on the 20th of June 
that year. 

The majority of new taxa described by Montagu are 
to be found in Testacea Britannica (1803) and its Sup¬ 
plement (1808). Montagu also wrote some short papers 
in the Transactions of the Linnean Society and these also 
include descriptions of new species of mollusc (Montagu, 
1804, 1808, 1813, 1816 read in 1811). 

The Montagu Collection in London 

The Montagu collection in the Natural History Museum, 
Eondon is inextricably linked to William Elford Eeach 
(1791-1836) and most of the information here has been 
extracted from Harrison and Smith (2008). Eeach trained 
as a physician but had always been an enthusiastic natu¬ 
ralist and was introduced to Montagu by Charles Pride- 
aux. Charles Prideaux (1782-1868) was a cousin of Eeach 
and a conchologist, giving his name to molluscs such as 
Rhomboidella prideauxi (Eeach, 1815) and crustaceans 
such as Pagurus prideauxi (Eeach, 1815). Eeach went 
on to be the zoologist at the British Museum forging an 
illustrious if stressful career from 1813-1822 (Harrison 
and Smith, 2008). Eeach and Montagu went on collecting 
expeditions together and one can consider Montagu to be 
a major infiuence on Eeach’s life. Consequently Eeach 
was an enthusiastic promoter of the Montagu collection, 
which he pursued until its purchase by the Trustees of the 
British Museum. Montagu died in June 1815 and with¬ 


in a month Eeach had begun to persuade the trustees to 
purchase the collection but a decision was not made until 
early in 1816. The sum of £1100 was agreed with Eliza 
D’Orville but she was not finally paid until 1819. 

Reorganisation of the shell collection was started by 
Eeach and Prideaux and some of this work was done as 
early as late 1816; but not in the museum but in Eeach’s 
family home in Spitchwick, South Devon. The collection 
was in Montagu House (British Museum), Eondon in 
1817 but it was stored in the basement and was beginning 
to deteriorate. Montagu House is in no way connected to 
Col. Montagu, the two being entirely coincidental. The 
collection was still in the basement in November 1818 
and Eeach had not yet completed the re-arrangement. 
Eeach’s prodigious output took its toll and in 1821 he 
suffered a mental breakdown that resulted in his resigna¬ 
tion in 1822. Eeach had embarked on his own treatise and 
produced a part draft manuscript in 1818 that was finally 
published by Gray in 1852 (Eeach in Gray 1852). This 
may suggest that Eeach never finished the rearrangement 
of the Montagu collection of shells and the majority of 
shells never left the basement of the museum. Whatever 
the actual events were, JG Jeffreys (1863) was prompted 
to write that "Nearly the whole of his priceless collec¬ 
tion of British shells....has been lost to science...the few 
specimens that are still preserved were many years ago 
removed from their original tablets, no care having ap¬ 
parently been taken in the course of rearrangement to 
retain the names ajfixed by the donor to the types"". Con¬ 
sequently the collection that Eeach extolled as being a 
complete representation of the British Mollusca is now 
reduced to 26 species. 

What remains of this collection now exists in a variety 
of mounts and boxes. Few can be traced directly to the 
Montagu collection with only a few original labels rec¬ 
ognised by JREeB Tomlin (Fig. Ha, b). Two forms of ear¬ 
ly label are now to be found, those identified by Tomlin 
and a second with a distinctive Capital letter for the genus 
followed by a colon before the species name (Fig. He, d). 
The wooden blocks (Fig. He, f) are usually attributed to 
the remounting done by JE Gray and his wife ME Gray 
during the period 1840-1870. The writing on the front 
of these blocks is not that of Montagu and all data added 
either came from original labels (now lost) or have been 
taken from publications. 

Nowhere in Exeter or in Eondon are examples of Mon¬ 
tagu’s labels that append his name as the authority of the 
species name. We conclude that any label carrying a ‘Mon¬ 
tagu’ or ‘Mont’ attribution has been added at a later date. 
Similarly the annotation ‘Mus. Montagu’ is a secondary 
attribution. The first attempt to identify the remnants of the 
Montagu collection seems to be the efforts of JREeB Tom¬ 
lin as noted by Dean (1936). The handwritten pencil anno¬ 
tations on the rear of the blocks are post 1870 but in an, as 
yet, unidentified hand. The mounting of very small speci¬ 
mens on black shiny thin paper (Fig. Hg) can, from the pa¬ 
per, be dated to the late 19th early 20th centuries and from 
some labels it can be seen that GW Chaster (1863-1910) 
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Figure II. Labels and mounts associated with the Montagu collection in the Natural History Museum, London, a, b Original Montagu 
identification labels attached to bases of boxes, c, d Old labels associated with the Montagu collection of unknown provenance e, f Old 
mounting blocks associated with the curatorial work of JE Gray g Late 19th century mount on black paper in glass topped box. 


examined and photographed at least one shell in 1896. 
George Chaster was a polymath naturalist, his interest in 
molluscs centred on the Pyramidellidae introducing genera 
such as Jordaniella, Cima and Spiralinella. The uncertain¬ 
ties in provenance are further exacerbated by the presence 
of shells that in no way conform to the original descriptions 
or figures and these are further evidence of the early disrup¬ 
tion of this collection. 

The Montagu Collection in Exeter 

George Montagu’s collection was donated to the Royal 
Albert Memorial Museum & Art Gallery (RAMM) in 
November 1874 by his natural son Henry D’Orville who 
lived in Exeter. The register entry reads: “20 Nov Collec¬ 
tion of British Shells (about 1540 specimens) 8 specimens 
of tubes of Annelides belonging to the late Col. George 
Montagu. The late H. D’Orville Esq Alphingtod\ The 


collection was recorded by the museum’s first curator, 
naturalist, archaeologist and collector, William D’Urban 
(1836-1934) in the Mollusc Register (Fig. 12). Each lot 
of specimens was assigned a sequential four-digit num¬ 
ber from Moll3639 to Moll4537 (Fig. I2a), against which 
D’Urban recorded the species, number of specimens and 
occasional details about how they were stored. Frequent¬ 
ly two names appear against any one lot (Fig. I2b), the 
upper contemporary with 1874 and mostly following Jef¬ 
freys (1863-67); the lower in smaller writing is the name 
given by Montagu and may or may not be on a label with 
the specimens. These names often are indicative of poten¬ 
tial type status. 

When donated the collection consisted of 895 lots but 
with little data other than the name and no indication of 
type status. Specimens from 676 of these lots remain, 
from which we have identified 84 lots containing poten¬ 
tial types. D’Urban’s original numbering system is still 
in use today. However, in 1976 the curator at that time 
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Figure 12. Extracts from the original register of the Montagu collection in RAMM, Exeter, a numbering sequence starting at 3639 b 
double entries, the lower giving the original Montagu name, c beginning of the “box numbers” of material no longer present, d pen¬ 
cil annotation identifying actions of Rosemary Brind, 1979. e pencil tick marks indicating lot found in 1979. f “T” mark indicating 
type status as recognised by Brind (1979) g dual naming of lots contained in boxes but no longer present. 


(Mr Kelvin Boot) began to re-accession the collection un¬ 
der the registration number 63/1976 but the process was 
abandoned. Cate (1979) is the only author to reference 
this system. 

Many of the smaller shells in the collection were, 
and still are, glued to pieces of dark blue octagonal card 
(Fig. I3a, b). A printed label bearing the species name 
(Fig. I3b) is often attached to the front of the card. A man¬ 


uscript label written in Montagu’s hand (Fig. I3a) may be 
found fixed to the back of the card and projecting to one 
side. In a few cases both are present. On a few occasions 
the blue card is attached to an urn-shaped wooden plinth 
(Fig. I3c). It is likely that it was Montagu who mounted 
them in this manner, as we have no indication that his 
son Henry had any interest in the shells, other than one 
assumes sentimental. Some large bivalves have the orig- 
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Figure 13. Labels and mounts associated with the Montagu collection in RAMM, Exeter, a Montagu hexagonal blue card with spec¬ 
imen and original hand written label b Montagu hexagonal blue card with specimens and original printed label c Montagu hexagonal 
blue card with specimen attached to a wooden urn-shaped plinth, d Original label attached to inside of shell e RAMM registration 
disc attached to shell f Early block with green paper cover with Montagu hexagonal card attached g. “Rowley box” mount with glass 
topped boxes containing Montagu hexagonal cards 


inal identification labels adhered directly onto the shell 
(Fig. I3d) or have a registration numbered disc attached 
to them (Fig. I3e). In most cases the cards and typed la¬ 
bels still exist but the handwritten identifications survive 
less frequently. No locality information survives, so any 
collecting data has been inferred from the publications. It 
is not known how the cards were stored when the collec¬ 
tion was first presented. 

Once at RAMM the specimens and their cards, where 
present, were mounted on wooden boards covered with 
pale green paper (Fig. I3f), presumably for display. A few 
of these boards are still present but many of the spec¬ 
imens and cards have fragments of adhesive and green 
paper still attached to the reverse face. 

At a later date, the curator, FR Rowley transferred the 
specimens to bespoke card trays (Fig. I3g), which we 
refer to here as '"Rowley boxes’". Larger specimens were 
mounted in open trays on cotton wool, while smaller 
shells were placed inside glass-topped boxes. Each tray 
was given a typed label listing the current identification, 
presumed collection location, donor, registry numbers 
and ‘Montagu Collection’. Rowley describes his method 
at length in The Museums Journal in 1910. 

Montagu’s collection is no longer on display and in¬ 
stead stored in a 20 drawer wooden cabinet where the 


majority of specimens are still arranged in Rowley’s box¬ 
es. Previously identified potential type material has been 
indicated using green adhesive stars or discs (Fig. I3g). 
Following this review the type lots will be re-housed in 
modem micro-storage. 

RAMM’s mollusc register has been annotated over 
the years indicating the specimens found to be present in 
the collection. The most recent inventory was carried out 
by a previous curator (Rosemary Brind) and published 
in the Biology Curators Group Newsletter (Brind 1979). 
She annotated the original register (Fig. I2d) with pencil 
ticks if present (Fig. I2e) and ‘T’s to indicate type lots 
(Fig. 121). She confirmed the presence of lots Moll3639- 
4314 (676 in total) but not Moll4315-4537 (222 lots). 
Interestingly, the register specifies that these lots were 
split between 13 boxes (Fig. I2c) numbered 1-3, 5-10, 
12, 14, 16 and ‘long box’. The missing box numbers in 
this sequence do not appear to have been allocated to any 
other lots in the Mollusc Register and earlier Montagu 
lots have not been allocated a box number. Also unlike 
earlier Montagu lots, the register shows two columns of 
entries for each lot; on the left ‘Montagu’s names’ and 
on the right ‘Jeffreys’ names’ with a mnning specimen 
number for each lot starting at 1 for each box (Fig. I2g). 
Most entries have identifications in both columns, except 
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for M 0 II 43 15-4337 and a few scattered examples where 
the Jeffreys’ name has been left blank and for Moll4355- 
4373 the Montagu name is missing. Both columns are in 
D’Urban’s hand. A thorough search for Moll4315-4537 
in RAMM’s wider mollusc collection has been undertak¬ 
en since Brind’s inventory but none have been located. 

The presence of ‘Jeffreys’ names’ in the Mollusc 
Register offers one possible explanation for the missing 
specimens. In 1879 Gwyn Jeffreys reports that D’Urban 
enabled him to examine the Montagu collection. Jef¬ 
freys’ paper is puzzling in that it mentions only a small 
part of the collection and some taxa that are not present 
in the Mollusc Register, but it does list specimens from 
the missing lots. For example, “Pecten laevis” can be 
traced in the register to Moll4385, “T.[urbo] cimex” to 
Moll4465 and “T. calathiscus?” to Moll4464. If we were 
to assume that Jeffreys borrowed this portion of the col¬ 
lection to re-identify might we assume that they were 
never returned? If they were retained by Jeffreys they are 
likely to be in his collection, which he sold to the Smith¬ 
sonian Institution, Washington, USA. Investigation of the 
US National Natural History Museum’s online database 
has uncovered two lots in Jeffreys’ collection, which bear 
initial name combinations that would have been used by 
Montagu. It is possible that USNM 149118 “Pecten su- 
bauriculata” refers to the shells cited by Jeffreys in his 
1879 paper but there are no shells bearing this name in the 
register. Numerous specimens in the Jeffreys collection 
carry additional names with old combinations that were 
not used by Jeffreys such as the rissoids referred to the 
genus Turbo. While they may indicate a link to Montagu 
this is not conclusive as it has not be possible to identify 
their provenance. All the old labels have been removed 
from the Jeffreys collection and therefore there is no 
proof that Montagu material was incorporated. 

J. Davy Dean reported on the collection in 1936 but 
he does not mention the missing lots. He states that ‘the 
Montagu Cabinet at Exeter contains 220 species and va¬ 
rieties’ and lists 31 species by name, which are present in 
the collection and first described by Montagu. These lots 
were subsequently listed by Brind (1979). 

Spurious species 

One puzzling aspect of Testacea Britannica and the Sup¬ 
plement is the inclusion of exotic species that are not part 
of the British malacofauna. For use in nomenclature, these 
taxa are especially vexing as their provenance is so uncer¬ 
tain and the condition and number of shells is far from ide¬ 
al. Montagu himself seems to be cautious about accepting 
some shells but was also keen not to offend those who sent 
them. In the preface of Testacea Britannica (1803 p. xi) he 
writes '"Aware that some shells have been given as English 
which never originated there, we have been cautious of 
admitting anything but upon the best authority; and where 
we have expressed doubt, we beg it may not be consid¬ 
ered an arrogance, or contempt for the opinion of others’". 


His wishing not to offend may have resulted in part from 
the exclusion from his family and friends following his 
scandal over living with Eliza. However, two of his new 
friends appeared to have an uncanny ability to discover 
new species and send them to Montagu. 

The first is Capt. John Easkey a rather enigmatic char¬ 
acter of who there are mixed opinions. For what we know 
of Easkey we are very grateful to Geoff Hancock (Hun¬ 
terian Museum, Glasgow) and Fred Woodward (ex Kelv- 
ingrove Art Gallery and Museum, Glasgow) and here we 
only elucidate aspects that have bearing on the status of 
species described by Montagu. 

John (sometimes as James) Easkey trained as a solic¬ 
itor in Devon and had an early interest in both history 
and natural history as can be seen in various articles in 
the Gentleman’s Magazine through the 1790s. In 1798 
he joins the North Devon Militia then in 1804 the Kirk¬ 
cudbright and Wigtown Militia and moves to Scotland. 
His interest in conchology develops around this time 
and while in Scotland he Joins the Wernerian Society in 
Edinburgh. While stationed at Port Seton just to the east 
of Edinburgh he makes extensive collections at various 
sites throughout the Firth of Forth and most particular¬ 
ly around Dunbar. In 1811 (read 1809) he published his 
“Account of North British Testacea” and notified his at¬ 
tention to leave a collection of his shells with the Werne¬ 
rian Society. It is from these collections that Easkey sends 
many new species to Montagu that are published in the 
Supplement to Testacea Britannica in 1808. 

In 1813 Easkey’s guide to the collections of the Hun¬ 
terian Museum in Glasgow is published. He goes on to 
write on Napoleonic medals and the Elgin Marbles and 
these apparently laudable actions contrast with the views 
of some of his peers and by later conchologists. 

In 1814 WE Eeach, Keeper of Zoology in the British 
Museum, in a letter to Robert Jameson wrote (reproduced 
from Harrison and Smith 2008) ... “Cqp" Laskey might 
have been useful (as it would not have been in his power 
to steal (to which he is very prone)... Therefore his state¬ 
ment that he was to be under me; is false, and any use that 
he may have made of my name was without my permis¬ 
sion and very like the conduct of a man like Cap" Laskey 
who cannot be trusted’. 

Footnotes in Jeffreys British Conchology also hint at 
Easkey’s unreliability. 

• Jeffreys 1867, p. 377 states “P. accincta (Murex 
accinctus, Mont.), one of Easkey’s pseudo-discoveries, 
is West-Indian” 

• Jeffreys 1867, p. 315 "Murex gyrinus of Montagu (not of 
Einne), a base coin from the Easkeyan mint, is exotic” 

• Jeffreys 1863, p. 237 states, “Another species, the 
Venus orbiculata of Montagu, said to have been found 
by Easkey at Dunbar, is also spurious. It is the Lucina 
squamosa of Eamarck, and West Indian”. 

Montagu described 15 new species from material do¬ 
nated by Easkey and many others are cited in the Sup- 
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plement and in Laskey (1811); these were all considered 
spurious by Forbes and Hanley (1853), but did accept that 
they could have originated from dumped ships’ ballast. A 
closer examination of Laskey’s 1811 paper on North Brit¬ 
ish Testacea reveals further inaccuracies. Laskey boasts 
that he has added '"near 50 new species of Testacea to the 
North British fauna'' but most of these have never been 
found on the east coast of Scotland or indeed in British 
waters. A typical example is his entry for Tellina striata, 
a Caribbean shell that he states he found at Dunbar but 
Montagu states it was found at Weymouth by Bryer. This 
would seem to be a clear example of Laskey attempting 
to boost his list for the 1811 paper. 

One plausible source of exotic species would be ships 
ballast as proposed by Gray (1879) in a notice on Laskey. 
The number of new species added by and the inaccura¬ 
cies in Laskey’s paper lead one to agree with Jeffreys that 
Laskey was, to say the least, being inventive. Laskey is 
perhaps trying to impress others and possibly ingratiate 
himself with the academic circles of the day. 

By way of contradiction in Laskey’s annotated copy 
of his North British Testacea (held in the archives of the 
Mollusca Section of the NHMUK) we find him referring 
to some discoveries as being accidental and recognizing 
shells not to be of British origin. On p. 35 (Fig. 15) un¬ 
der Trochus cinereus of Donovan and Montagu, he states 
"This shell is from the Mediterranean, tho figured by Da 
Costa first and followed by Donovan and again cited by 
Montagu from their authority, it is decidedly not British 
If he was aware of the exotic nature of some shells why 
did he not acknowledge this for the many obvious spuri¬ 
ous species that he passed to Montagu? 

Laskey sold a collection of his own in 1808 but it 
contained very few shells. It appears that on his death in 
1829 Laskey’s shells and books passed to a Dr. J. Brown. 
This gentleman’s collection was put up for sale in 1836 
at which Edward Forbes purchased Laskey’s annotated 
copy of North British Testacea along with some shells 
that are now in the NHMUK London. 

Laskey’s name also becomes linked with the Duch¬ 
ess of Portland collection, part of which Laskey had in 
his possession. This series of British land and freshwa¬ 
ter shells he acquires as duplicates of lot 2487 and these 
he sends to Montagu in 1806 for his inclusion in the 
Supplement to Testacea Britannica (Montagu 1808). In 
an annotated copy of the Portland Catalogue (Lightfoot 
1786b) (held in the National Museum of Wales) lot 2487 
was bought by Cash in 1786 and consisted of a series 
of shells identified by Lightfoot. Lightfoot (1786a) pub¬ 
lished these in Philosophical Transactions of the Royal 
Society and are therefore potentially type specimens. A 
letter, held in the archives of the Linnean Society, Lon¬ 
don, from Laskey to Montagu listing these and discussing 
other shells is illustrated here (Fig. 14). 

The second collector associated with spurious species 
is Mr Bryer of Weymouth who Montagu acknowledges 
for access to his shell cabinet and donation of specimens. 
Six species described as new by Montagu are included, all 


collected from Weymouth and all now declared to be of 
West Indian origin. Mr Bryer is also credited for supplying 
shells to Pulteney (1799), some of which are also exotic. 
From the works of Maton and Racket (1807) and Mon¬ 
tagu (1808) it appears that Mr Bryer died around 1806. On 
page 36 of the Supplement (1808) Montagu indicates that 
the Bryer cabinet was given to him by Mrs Bryer. 

“For the knowledge of this nondescript species we are 
indebted to Mrs Bryer, relict of our late valuable friend, 
who has so largely contributed towards the former part 
of this work. This lady has continued that liberality which 
so conspicuously marked the scientific researches of our 
much lamented friend, by presenting us with his cabinet, 
which consists of most species of shells belonging to the 
coast about Weymouth, amongst which we had the plea¬ 
sure to observe this marked as indigenous ” 

The only Bryer that we can link to Weymouth and 
dying between the publication of the Testacea Britan¬ 
nica in 1803 and the Supplement in 1808 is a surgeon, 
Stephen Perrot Bryer. His profession would fit well with 
his scientific interests but, if it is he, he died at the ear¬ 
ly age of 36 years. This Mr Bryer is mentioned in the 
account of the maritime disaster of the grounding and 
loss of six ships of a squadron bound for the West In¬ 
dies under the leadership of Admiral Christian (Smith 
1796, Boult 2003). These ships were lost in a single day 
in 1795 along the length of Chesil Beach. Mr Bryer is 
noted for his efforts in tending survivors. Given the ex¬ 
tent of shipping linked to the West Indies at this time it is 
possible that Bryer found exotic shells in dumped ballast 
or ballast from wrecks. 

Although Capt. Laskey was a prolific supplier of exotic 
shells he and Mr Bryer were not alone in accepting these 
as British. Da Costa (1788), Pulteney (1799), Montagu 
(1803, 1808), Donovan (1804) all include exotic shells in 
their works. The extent of lending and exchanging shells 
was prolific at this time so that the possibilities for error 
were great. Tobin (2014) notes that Pulteney exchanged 
shells with the Duchess of Portland and that she gave him 
exotic shells, some of which by error may have been re¬ 
ported as coming from Weymouth, a favoured collecting 
spot of the Duchess’s. 

We will probably never discover the true source of 
these shells or the motivation behind their inclusion in 
the British fauna but the nomenclature based upon them 
is problematic. Using such poorly defined names to over¬ 
turn accepted nomenclature is not recommended here es¬ 
pecially as the type localities cannot be verified. 

Montagu shells in other collections 

It will be seen that neither RAMM nor the NHMUK col¬ 
lections individually or together entirely represent the 
totality of Montagu’s molluscan species. Montagu was 
given access to or was donated specimens from a num¬ 
ber of collectors who also held collections. Without type 
material in London or Exeter these collections could hold 
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Figure 14. Part of a letter from Laskey to Montagu listing the shells in Laskey’s possession from lot 2487 of the Duchess of Portland 
collection. By permission of the Linnean Society of London, Archive MS213. 
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Animal 0 Limax. Shell univalve, spiral, more or 
less conic. Aperture somewhat angular or 
ruynded. The upper side transverse and con¬ 
tracted. Pillar placed obliquely. 


J. crass us. 


Turbollneatus 


-> M. 

•I D. 


d 




vfdc 


Animal a Limax. S^ell univalve, spiral, solid. 
Aperture contracted, orbicular, entire.' 

] . tcrebra. P. M. D. Leith and Portobello Sands, 

common: on the last place, 

a variety perfectly white 
, occurs.^ Uliis variety I 

at first considered to be 
' blc.vched shells; but could 

C 2 


it 

'(I 


M. , One specimen of this shell 
was taken by the dredge 
from deep water, oil' Buti- 
bar. 

2. cineraiius, P. D. M, On all parts of the coast, 

not uncommon. 

J. umbilloitus. P. D. M. Same as the abov'c. 

' ■!* tumidos. M. From the rejectuinenta of a 

■7 • ‘ *■ boat at Newhaven; also 

.-■ ■ ' .' ^. • l^roiQ a boat at Prestoa- 

A,y 'Jf.ulHeok-jiihi*^^ , —^ Jjaijs, scarce, 

. • . . 7 r"' ■ , - ■ 

\ 

TUIUIO. 


■\ 


Figure 15. Extract from Laskey’s personally annotated copy of his North British Testacea. Held in the archives of the Mollusca 
Section of the NHMUK. 


material suitable for designation as lectotype or neotype. 
Conversely, the Montagu collection has been used as 
source of neotypes for species described by associates of 
Montagu or whose descriptions he followed. Below is a 
list of possible collections and their locations if known, 
but unfortunately most have been lost. 

Overbeck’s Museum & Garden 

It had been rumoured that Overbecks, a National Trust 
property in Salcombe, Devon, also has shells from Mon¬ 
tagu’s collection. However, there is no evidence to sug¬ 
gest Montagu had any connection to the shells in their 
possession (pers. comm. Emma Gatehouse, Senior Visi¬ 
tor Experience Officer 24/10/2016). 

Birmingham City Museum 

In 1962 Mr Fred Woodward purchased the shell collection 
of the Athenaeum Museum in Barnstaple, North Devon 
for the Birmingham City Museum. In a letter to R. Cleev- 
ely he states that it included the cabinet of a Miss Hill, dat¬ 


ing from around 1800, in which were shells from Montagu 
and Turton (R. Cleevely and F. Woodward pers. comm.). 
A typescript of the contents (courtesy of F. Woodward) 
confirms that Miss Hill was in Torquay in 1812 and at 
some time collected snails from Col. Montagu’s pond at 
Knowle House. At the time of writing this collection could 
not be recognised in Birmingham City Museum. 

Smithsonian (Jeffreys collection) 

While we have surmised that Jeffreys may have acquired 
part of the Montagu collection left to RAMM there is no 
evidence of this from the Smithsonian catalogue. 

Laskey and Wernerian Society Collections 

The Wernerian Society collections were most likely in¬ 
corporated into Edinburgh University and subsequently 
into the National Museums Scotland, but there are no 
specimens that can be identified as such. The only Faskey 
shells to be identified are in the Natural History Museum, 
Fondon. 
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Boys & Walker 

William Boys (naturalist) and George Walker (illustra¬ 
tor) collaborated on the production of the description of 
microscopic shells collected in the region around Sand¬ 
wich in Kent (Walker 1784). Montagu makes frequent 
reference to this work and to shells acquired from Boys. 
The names in Boys and Walker are not binomial so not 
available but the descriptions were adopted by Montagu 
and any existing collection would be particularly useful 
in resolving the actual identity of these minute shells. We 
have been unable to locate any relevant collection. 

John Adams of Pembroke 

John Adams of Pembroke (1769-1798) wrote a number of 
papers in the late 18th century describing small molluscs 
from Wales (Adams 1797a, b, 1800a, b). Montagu refers 
to these and Adams’ names frequently have priority over 
those of Montagu. The fate of Adams’ collection is not 
known and in lieu of this neotypes have been selected 
from the Montagu collection (see under Turbo interstinc- 
tus in catalogue). 

John Adams belonged to a landed family living at 
Holyland, Pembroke. He graduated from Christ’s College 
Cambridge with a BA in 1791. He was admitted to the 
Linnean Society in 1795 and read his first paper that year. 
His fellowship was recommended by William Curtis, 
James Sowerby and Thomas Marsham. Adams tragically 
drowned while collecting on the coast of south Wales. It 
should be noted that the type localities of Adams are all 
in Wales. Reference to “The Wash” does not refer to the 
location in the east of England but to a small rocky inlet 
on the south coast of Pembrokeshire not far from Adams’ 
home. A biography of John Adams by Graham Oliver is 
in preparation. 

Catalogue 

The listings below include entries for all known mollus- 
can taxa introduced by George Montagu in his publica¬ 
tions of 1803, 1804, 1808, 1813, 1816. 

Line 1 gives the original name as given by Montagu. 

Line 2 gives the current name and superfamily and fam¬ 
ily placement. The synonymy of marine taxa follows 
Worms and the non-marine fauna follows Fauna Eu- 
ropaea (Bank and Ramos 2013). Where names could 
not be found in these lists the source of any synonymy 
is given. 

Line 3 gives the full original reference 
Line 4 gives the recorded localities as given by Montagu, 
therefore type localities. None of the original labels in¬ 
dicate the locality; all are subsequently inferred from 
literature. 

Following this gives the data on available specimens, any 
confirmed designations and our suggested type status. 
Wherever possible we have tried to give accurate deter¬ 
minations to the type material but we are not expert 


across the range of taxa included here. Anyone wish¬ 
ing to make lectotype selections is strongly advised to 
research the original descriptions, figures and speci¬ 
mens and not to rely unquestioning on this catalogue. 
The primary aim here is to make the collection avail¬ 
able to research and is not definitive. 

accinctus MurexMontdigu, 1808. (Fig. 1) 

Kurtziella accinctus (Montagu, 1808) [Conoidea, 
Mangeliidae]. 

Montagu G 1808. Suppl. Test. Brit. p.ll4 not figured. 
“Firth of Forth” (from Laskey); Erroneous is Caribbean. 
NHMUK 20001350, Syntypes, 2 sh 
The two shells in the NHMUK are given the prove¬ 
nance of “Mus. Laskey” and not “Mus. Montagu” 
indicating that they are not part of the Montagu col¬ 
lection. Montagu (1808) states “/w the cabinet of Mr. 
Laskey’ which could imply that Montagu did not pos¬ 
sess a specimen. The species was figured by Laskey 
(1811, pi. 8, fig. 14) and by Brown (1827, pi.48, figs 14, 
15). Forbes and Hanley (1853, p. 491-2) describe this 
species and note that it is West Indian. Jeffreys (1867, 
p. 377) states, “P. accincta (Murex accinctus, Mont.), 
one of Laskey’s pseudo-discoveries, is West-Indian’\ 
The species is mentioned again by Tomlin (1934, p. 
39) who states that 'Montagu’s Murex accinctus, of 
which the monotype is still in the British Museum”. 
This seems at odds with the presence of two syntypes 
but the associated label in Tomlin’s handwriting states, 
“Cotypes” (Fig. 1.3), so perhaps there is a simple er¬ 
ror here. Given that the origin of the Laskey shells 
is thought to be spurious it is a strange coincidence 
that Reeve (1845) describes a similar if not identical 
species Pleurotoma forthiensis from the same locality 
as M. accinctus. Firth of Forth. In this case the shells 
were given to Reeve by JE Gray and the types of these 
are present as NHMUK 1874.10.31.2. (Fig. 2). How 
Gray came to possess these shells is not clear but we 
surmise that they all originate from a single source. 
Given the uncertain provenance of the shells cited here 
extreme caution should be taken when making nomen- 
clatural decisions based upon them. 

adversus Murex Monidigu, 1803. (Fig. 3) 

Marshallora adversa (Montagu, 1803) [Tripho- 

ROIDEA, TrIPHORIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 271, not figured. 
From Boys (therefore Kent); Cornwall; Devon. 
EXEMS Moll4231, Syntypes, 2sh. on blue card; Ish. 
loose; 1 empty scar on card. 

apertura Patella Montdigu, 1803. (Fig. 4) 

Diodor a graeca (Linnaeus, 1758) [Patelloidea, 
Patellidae] . 

MontaguG1803. Test. Brit. Parti, p. 491-492, Tab. 13 
fig. 10. 

Falmouth; Salcombe Bay. 

EXEMS Moll4169, Syntypes, 4sh 
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Figures 1-4. 1. Murex accinctus Montagu, 1808 [Kurtziella dorvilliae (Reeve, 1845)] 1.1 Syntype 1, NHMUK 20001350/1. 
1.2 Syntype 2, NHMUK 20001350/2. 1.3 Label in Tomlin’s hand noting type status. 1.4 Old labels, one for {Mus. Montagu} and 
one for {Mus. Laskey}, latter also indicating West Indian provenance. 2. Pleurotoma forthiensis Reeve, 1845 {Kurtziella dorvil¬ 
liae (Reeve, 1845)] 2.1 Syntype 1, NHMUK 1874.10.31.2/1. 2.2 Syntype 2, NHMUK 1874.10.31.2/2. 2.3 Syntype 3, NHMUK 
1874.10.31.2/3. 2.4 Old labels indicating the association with accincta and dorvilliae. 3. Murex adversus Montagu, 1803 [Marshal- 
lora adversa (Montagu, 1803)] 3.1 Three syntypes on blue card, EXEMS Moll4231. 3.2 Abapertural and apertural views of syntype 
EXEMS Moll4231/a. 4. Patella apertura Montagu, 1803 [Diodora graeca (Einnaeus, 1758)] 4.1 Eargest syntype, apical and aper¬ 
tural views, EXEMS Moll4169/a. 4.2 Syntype, lateral view, EXEMS Moll4169/b. 4.3 Group of four syntypes EXEMS Moll4169. 
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arctica Tr/V/T/Pulteney, 1799. (Fig. 29.3) 

Trivia arcticai^vXtQmy, 1799) [Velutinoidea, Trivedae]. 
EXEMS Moll4248/2, hypotype selected by Cate, 
1979 but cited as RAMM 63/1976 (b). 

See under europaea for discussion. 

arcuatum Cardium Montagu, 1803. 

Lucinella divaricata (Linnaeus, 1758) [Lucinoidea, 
Lucinidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 85, Tab. 3 fig. 2. 
Dredged in Falmouth Harbour, Cornwall. 

Not in RAMM or NHMUK, but seen in RAMM by 
Jeffreys (1879: p.3) {''C(ardium) arcuatum” Loripes 
divaricatus L.} 

attenuatus MurexMontdigu, 1803. (Fig. 5) 

Mangelia attentuata (Montagu, 1803) [Conoidea, 
Mangeliidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 266-267, Tab. 
9 fig. 6. 

Falmouth Harbour; Biddeford Bay. 

EXEMS Moll4255, Syntypes, 2 sh. loose with blue card. 
Examined by G. Spada, lectotype (EXEMS Moll4255a) 
selected but not published; also states that only one 
specimen is M. attenuatus (G. Spada pers. comm). 
NHMUK 1998074, Syntypes, 5sh 

auricularis Turbo Montagu, 1803. 

Lacuna parva (da Costa, 1778) [Eittorinoidea, Eit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 308, not figured. 
Southampton. 

Not in RAMM or NHMUK. 

Not in Worms, Jeffreys 1865, p. 349 gives it as a var. 
2 of Lacuna puteolus Turton (= parva da Costa) 

avonensis Mytilus Montagu, 1803. 

Anodonta anatina (Einnaeus, 1758) [Unionoidea, 
Unionidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 172-173, not 
figured. 

River Avon, Wiltshire, England. 

EXEMS Moll4038, not found. Not in NHMUK. 

bidentata My a Montagu, 1803. 

Kurtiella bidentata (Montagu, 1803) [Galeommatoi- 

DEA, MoNTACUTIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 4U45, not figured. 
Salcombe Bay. 

EXEMS Moll4390, not found. Not in NHMUK. 

bidentata Voluta Montagu, 1808. (Fig. 6) 

Auriculinella bidentata (Montagu, 1808) [Ellobioi- 
DEA, ElLOBIIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 100-101, Tab. 
30 fig. 2. not Tab. 29 fig. 3 as given on p. 100. 
EXEMS Moll4101, Syntypes, 2 sh., 1 with broken 
aperture with octagonal blue card. 


bifida Doris Montagu, 1816. 

Hermaea bifida (Montagu, 1816) [Doridoidea; Do- 
rididae]. 

Montagu, 1816. Trans. Linn. Soc. Land. 11(2). p. 
198-199, Tab. 14 fig. 2. 

No record of any non-shelled specimens being deposited. 

bimaculata Patella Montagu, 1803. 

Patella pellucida Einnaeus, 1758 [Patelloidea, Pa- 
tellidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 482, Tab. 13 
fig. 8. 

Falmouth; Milton Sands, Devon. 

EXEMS Moll4307, seen by Jeffreys (1879, p.3), {^'Pa¬ 
tella bimaculata” Helcionpellucidum, E., young}, not 
found. Not in NHMUK. 

biplicatus Turbo Montagu, 1803. (Fig. 7) 

Alinda biplicata (Montagu, 1803) [Clausilioidea, 
Clausilidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 361-362, Tab. 
11 fig. 5. 

Easton Grey in Wiltshre. 

EXEMS Moll4124, Syntypes, 2sh. on octagonal blue 
card. 

boisyi Mactra Montugu, 1803. 

Abra alba (Wood, 1802) [Tellinoidea, Semelidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 98-99, Tab. 3 
fig. 7. 

Sandwich in Kent (from Boys), Salcombe; Biddeford; 
Studland. 

Not in RAMM or NHMUK. 

bryereus Turbo Montagu, 1803. (Fig. 8) 

Schwartziella bryerea (Montagu, 1803) [Rissoidae, 
Zebinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 313-314, Tab. 
15 fig. 8. 

Weymouth (from Bryer); Erroneus is Caribbean. 
EXEMS Moll4223, 1 sh. on card, 1 in capsule. 
Lectotype (EXEMS Moll4223/l) selected by Faber 1990. 
Six shells (NHMUK 20170130) in NHMUK (Fig. 8.6), 
ex Easkey Coll, were reputedly collected from Belton 
Sands, Firth of Forth, Scotland (Easkey 1811, p. 404). 
These shells are conspecific with the lectotype in 
RAMM but their provenance is doubly questionable. 
Not only is the species Caribbean but the likelihood 
of an exotic species, presumably coming from ballast, 
being found at such widely disparate localities seems 
suspicious. These shells cannot be considered part of 
the type series. 

bullaoides Voluta Montagu, 1808. (Fig. 9) 

Melampus bullaoides (Montagu, 1808) [Ellobioidea, 
Ellobiidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 102-104, Tab. 
30 fig. 4. not Tab. 23 fig. 6. 
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Figures 5-8. 5. Murex attenuatus Montagu, 1803 [Mangelia attentuata (Montagu, 1803)] 5.1 “Rowley box” containing lot EXEM 
Moll4255. 5.2 Two potential type specimens attached to Montagu blue card. 5.3 Apertural and abapertural views of the syntype in 
RAMM Exeter, EXEMS Moll4255a. 5.4 Syntype in NHMUK, NHMUK 1998074. 5.5 Second potential type specimen in RAMM 
Exeter is NOT M attenuatus and not a British species. 6. Valuta bidentata Montagu, 1808 [Auriculinella bidentata (Montagu, 
1808)] 6.1 Green paper covered block with Montagu hexagonal blue card attached. 6.2 Apertural and abapertural views of the entire 
syntype EXEMS Moll4101a. 7. Turbo biplicatus Montagu, 1803 [Alinda biplicata (Montagu, 1803)] 7.1 Two syntypes on Montagu 
hexagonal blue card, EXEMS Moll4124. 7.2 Apertural view of larger syntype, EXEMS Moll4124a. 7.3 Abapertural view of smaller 
syntype, EXEMS Moll4124b. 8. Turbo bryereus Montagu 1803 [Schwartziella bryerea (Montagu, 1803)] 8.1 Montagu blue card 
with 2 shells, EXEMS Moll4223. 8.2 Apertural and abapertural views of lectotype. EXEMS Moll4223/l. 8.3 SEM micrograph of 
apertural view of lectotype. EXEMS Moll4223/l. 8.4 Old NHMUK label indicating shells from the Easkey Collection. 8.5 Old 
NHMUK label {Turbo bryereus Monts. Mus Mont. Sent by Easkey who says he found them in Scotland}. 8.6 Apertural view of 1 
of 6 shells from the Easkey Coll., NHMUK 20170130/1. 
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HKuICEIjLA ^CAKBIDULA) 

CAPERATA (Montagu) 
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H. D'Oi’ville. 4145. 

(Mgntagu CoiiQC^onj _ 


EXEMS MOII3729/2 


Cdil 


Montag 


B.M.(N.H.) reg. no: ZoX^O\ 

tlAlfl-rripLaS builliOigg.^ 

Br-ibsti 


[^£..pV: J. LiLske,j C£* \ in 
i specs. Acc. no- 


ZOrnm 


EXEMS Moll4191a 


British Museum (Natural History) 






EXEMS Moll4140b 

11.1 


5mm 


EXEMS MoM4140a 


EXEMS MOM4140C 


13.2 

EXEMS Moll3729/1 


Figures 9-13. 9. Valuta huUaoides Montagu, 1808 [Melampus huUaoides (Montagu, 1808)] 9.1 Apertural view of specimen 1, 
NHMUK 20170129/1. 9.2 Abapertural view of specimen 2, NHMUK 20170129/2. 9.3 Old NHMUK label indicating provenance 
from the Laskey Coll, and by inference leg. Portland Coll., sale lot 2487. 10. Turbo canalis Montagu, 1803 {Lacuna vincta (Mon¬ 
tagu, 1803)] 10.1 Montagu blue hexagonal card with 2sh. and 2 empty scars, EXEMS Moll4191. 10.2 Apertural and abapertural 
views of the larger syntype, EXEMS Moll4191a. 10.3 Apertural and abapertural views of the smaller syntype, EXEMS Moll4191b. 
11. Helix cantiana Montagu, 1803 [Monacha cantiana (Montagu, 1803)] 11.1 Apical, lateral and basal views of syntype EXEMS 
Moll4140b. 11.2 Eateral view of syntype EXEMS Moll4140a. 11.3 Eateral view of syntype EXEMS Moll4140c. 12. Helix caperata 
Montagu, 1803 [Candidula intersecta (Poiret, 1801)] 12.1 Rowley box with 9 sh. all syntypes, EXEMS Moll4145. 12.1 Basal view 
of banded shell, syntype, EXEMS Moll4145b. 12.3 Eateral, apical and basal views of syntype, EXEMS Moll4145a. 12.4 Eateral 
views of syntype EXEMS Moll4145c. 13. Donax castaneus Montagu, 1803 [Ervilia castanea (Montagu, 1803)] 13.1 Montagu 
hexagonal blue card with 2 valves. EXEMS Moll3279. 13.2 Exterior and interior of right valve, Eectotype, EXEMS Moll3729/l. 
13.3 Exterior and interior of left valve, Paralectotype, EXEMS Moll3729/2. 
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Lincoln (England) but is West Atlantic (Frias Martins, 
1996) 

In a letter to Montagu, dated 19th January 1806, Las¬ 
key lists shells that he acquired from the Portland 
sale via a gentleman who purchased lot 2487 in 1786. 
These shells were sent to Montagu for inclusion in his 
1808 Supplement and among them is mentioned ''He¬ 
lix bullaoides (Lincoln)”. This corresponds with the 
entry in Montagu 1808 (p. 103-104) and these shells 
can be considered as syntypes. 

NHMUK 20170129, Syntypes, 2sh., ex Laskey Coll. 
For a discussion of this species see Frias Martins 
(1996). 

bullata Cypraea Montagu, 1803. (Fig. 29.4) 

Trivia arctica (Pulteney, 1799) [Velutinoidea, Trivi- 
idae]. 

Montagu G 1803. Test. Brit. Part 1. p. 202-203, Tab. 

6 fig. 1. 

Salcombe; Falmouth. 

EXEMS Moll4248/12, Syntype, Ish. seen by Brind 
(1979) but grouped with Cypraea europea as one of 
twelve shells. 

caerulea Doris Montagu, 1804. 

Cuthona caerula (Montagu, 1804). [Fionoidea, Fion- 
idae]. 

Montagu, 1804. Trans. Linn. Soc. Land. 7. p. 78, Tab. 

7 figs 4-5. 

No record of any non-shelled species being deposited. 

calathiscus Turbo Montagu, 1808. 

Alvania cimex (Linnaeus, 1758) [Rissooidea, Rissoidae]. 
Montagu G 1808. Suppl. Test. Brit. p. 132-133, Tab. 
30 fig. 5. 

Jura (from Laskey) and in a “pareel of sand from Dunbar”. 
EXEMS Moll4464, seen by Jeffreys (1879, p.3), {"T. 
calathiscusT' First two specimens are Rissoa reticula¬ 
ta Montagu, last four R. calathus F. & H.}, not found. 
Not in NHMUK. 

canalis Turbo Montagu, 1803. (Fig. 10) 

Lacuna vincta (Montagu, 1803) [Littorinoidea, Lit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 309, Tab 12. 
fig 11. 

Southampton. 

EXEMS Moll4191, Syntypes, 2sh. on blue eard with 
2 empty scars. 

cantiana Helix Montagu, 1803. (Fig. 11) 

Monacha cantiana (Montagu, 1803) [Helicoidea, 
Hygromiidae]. 

Montagu G 1803. Test. Brit. Part 2. p 422, not figured. 
Sandwich (from Boys). 

EXEMS Moll4140, Syntypes, 3sh 

caperata Helix Montagu, 1803. (Fig. 12) 


Candidula intersecta (Poiret, 1801) [Helicoidea, Hy¬ 
gromiidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 430^32, Tab. 
11 fig. 11. 

Wiltshire; Stanborough; Woolcomb; Plymouth Dock; 
Kent (from Boys). 

EXEMS Moll4145, Syntypes, 9 sh 

castaneus Donax Montagu, 1803. (Fig. 13) 

Ervilia castanea (Montagu, 1803) [Tellinoidea, Se- 
melidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 573-574, not 
figured. 

Falmouth; St Austell. 

EXEMS Moll3729, 2v from different specimens at¬ 
tached to an octagonal blue card. 

EXEMS Moll3729/l lectotype and EXEMS 
Moll3792/2 paralectotype; selected by Morton and 
Scott (1990). 

catena Bulla Montagu, 1803. 

Philine catena (Montagu, 1803) [Philinoidea, Phil- 
inidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 215-216, Tab. 
7 fig. 7. 

Bigberry Bay, Devon. 

Not in RAMM or NHMUK. 

catenata Valuta Montagu, 1803. 

Gibberula catenata (Montagu, 1803) [Muricoidea, 
Cystiscidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 236, Tab. 6 fig. 2. 
St Austell; Fowey; the Lizard; Penzanee; (from Swain- 
son and also in his cabinet); Erroneus is Caribbean. 
Not in RAMM or NHMUK. 

cinctum Buccinum Montagu, 1803. (Fig. 14) 

Uncertain [Buccinoidea, Columbellidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 246-247, Tab. 
15 fig. 1. 

Weymouth (from Bryer); Erroneus is not British. 

The four shells in the NHMUK (NHMUK 20170128) 
are ex Laskey Coll and this species is cited by him in 
his personalised copy of his 1811 paper. This is an¬ 
other example of an exotic shell described from Wey¬ 
mouth by Montagu that Laskey also reports from Scot¬ 
land. Jeffreys (1867) placed B. cinctum in the genus 
Columbella and this fits well with the specimens in the 
Laskey collection. These speeimens have no current 
type status although given the connection between 
Montagu and Laskey these shells may represent the 
species described by Montagu. 

These shells have been identified as a species of Par- 
vanachis by Kevin Monsecour (pers. comm). 

cinerea Mactra Montagu, 1808. (Fig. 15) 

Mactra stultorum (Linnaeus, 1758) [Mactroidea, 
Mactridae]. 
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Figures 14—18. 14. Buccinum cinctum Montagu, 1803 [Parvanachis sp.] 14.1 Old NHMUK labels identifying these shells as 
Columbella cincta and ex Laskey Coll. 14.2 Apertural and abapertural views of shell NHMUK 20170128/1. 14.3 Three shells 
NHMUK 20170128/2/3/4. 15. Mactra cinerea Montagu, 1808 [Mactra stultorum Linnaeus, 1758] 15.1 Three syntypes EXEMS 
Moll3780-82. 15.2 Internal and external views of right and left valves of syntype EXEMS Moll3780. 16 . Turbo cingillus Montagu, 
1803 [Cingula trifasciata J. Adams, 1800] 16.1 Montagu blue hexagonal card with 4 syntypes EXEMS Moll4213a-d. 16.2 Abap¬ 
ertural and apertural views of syntype EXEMS Moll4213a. 16.3 SEM of apertural view of syntype EXEMS Moll4213a. 17. Ve¬ 
nus compressa Montagu, 1808 [Astarte montagui, Dillwyn, 1817] 17.1 Astarte sulcata EXEMS Moll3849 label for V. compres- 
sa attached to inside of right valve. 17.2 Astarte sulcata EXEMS Moll3851, inner margin smooth. 17.3 Astarte sulcata EXEMS 
Moll3850. 17.4 Old label for V. (Venus) scotica. 17.5 Single right valve of Astarte sulcata EXEMS Moll3852 identified as V scotica 
in register. 18. Turbo crassior Montagu, 1803 [Lacuna crassior (Montagu, 1803)] 18.1 “Rowley” box containing 3 syntypes EX¬ 
EMS Moll4186. 18.2 Montagu blue hexagonal card with 3 syntypes EXEMS Moll4186. 18.3 Apertural and abapertural views of 
largest syntype EXEMS Moll4186a. 
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Montagu G 1808. Suppl. Test. Brit, p 35, not figured. 
Weymouth (from Mrs Bryer). 

EXEMS Moll3780-82, Syntypes, 3sh 

EXEMS Moll3778-79 with above as M. stultorum in 

register. 

cingenda Helix Montagu, 1803. 

Theba pisana (Muller, 1774) [Helicoidea, Helicidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 418^20, not 
figured. 

Tenby. 

EXEMS Moll4143, not found. Not in NHMUK. 

cingillus Turbo Montagu, 1803. (Fig. 16) 

Cingula trifasciata (J. Adams, 1800) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 328, Tab. 12 
fig. 7. 

Plymouth; Salcombe. 

EXEMS Mo 114213, Syntypes, 4sh. on blue card, +1 
empty scar. 

complanatus Donax Montagu, 1803. 

Donax variegatus (Gmelin, 1791) [Tellinoidea, 
Donacidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 106-107, Tab. 
5 fig. 4. 

Milton Sands, Falmouth. 

Not in RAMM or NHMUK. 

compressa Venus Montagu 1808. (Fig. 17) 

Astarte montagui (Dillwyn, 1817) [Crassatelloidea, 
Astartidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 43^4, Tab. 26 
fig. 1. in part. 

EXEMS Moll3849-3851, 3sh 

In Worms V. compressa of Montagu is listed as a syn¬ 
onym of Astarte montagui and this would fit best with 
the description and the figure. The shells in RAMM are 
clearly labelled V. compressa but are Astarte sulcata. We 
do not consider these shells to have any type status. Asso¬ 
ciated with this lot is a single valve (EXEMS Moll3852) 
and label for V. scotica, also a synonym of A. sulcata but 
originally introduced by Maton and Racket 1807. 

coniferus Turbo Montagu, 1803. 

Rissoina conifera (Montagu, 1803) [Rissooidea, Ris- 
soinidae]. 

MontaguG1803. Test. Brit. Parti, p. 314, Tab. 15 fig. 2. 
Weymouth (from Bryer); Erroneus is Caribbean. 
EXEMS M 0 II 4443 “wanting” in register. Not in 
RAMM or NHMUK. 

Jeffreys (1867, p. 51) ''Rissoina conifera (Turbo co¬ 
niferus, Mont.), is West-Indian.” 

crassior Turbo Montagu, 1803. (Fig. 18) 

Lacuna crassior (Montagu, 1803) [Eittorinoidea, 
Eittorinidae]. 


Montagu G 1803. Test. Brit. Part 2. p. 309-310, not 
figured. 

Sandwich (from Boys); Bideford Bay. 

EXEMS M 0 II 4 I 86 , Syntypes, 3sh. on blue card with 
one empty scar. 

crenella Helix Montagu, 1803. 

Vallonia costata (Muller, 1774) [Pupilloidea, Val- 
lonidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 441^43, Tab. 
13 fig. 3. 

From Boys said to be found at Bullstrode (Eightfoot). 
Not in RAMM or NHMUK. 

danmonia Venus Montagu, 1808. 

Astarte sulcata (da Costa, 1778) [Crassatelloidea, 
Astartidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 45^6, Tab. 29 
fig. 4. 

No localities given. 

Not in RAMM or NHMUK. 

dealbata Mactra Pulteney sensu Montagu, 1803. (Fig. 19) 
Standella pellucida (Gmelin, 1791) [Mactroidea, 
Mactridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 95-96, Tab. 5 
fig. E 

Weymouth (from Bryer); Erroneus is Indo-Pacific. 
NHMUK 20170127, Potential type material. 2v. Ex 

Easkey Coll. Firth of Forth, cited in Easkey ms of his 
1811 paper. 

We know that Easkey was in correspondence with 
Montagu and although the collection locality does not 
match that given by Montagu it is quite likely that these 
shells correspond to those described by Montagu. They 
closely match figure Tab. 5, fig. 1 in Testacea Britannica 
and also, but less so. Tab. 1, fig. 10 in Maton and Racket 
1807. In Worms M. dealbata is assigned to the genus 
Macrotoma but from the figure in Montagu 1803 and 
from the present shells this placement is not supported. 
The identification of these shells was confirmed by 
Javier Signorelli (pers. comm). 

decussata Helix Montagu 1803. (Fig. 20) 

Zebinella decussata (Montagu, 1803) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 399, Tab. 15 
fig. 7. 

Between Weymouth and Portland (from Bryer); Erro¬ 
neus is Caribbean. 

EXEMS M 0 II 4239 , Syntypes, Ish. on card, Ish. in 
capsule. Shell in capsule labeled as “lectotype AA 
Euque 29/7/1986” but never published. 

Uncredited figure of the syntypes is present on the Zebinel¬ 
la decussata page of Wikipedia. Rolan and Euque (2000) 
note their observation of the two syntypes but incorrectly 
attribute them the BMNH Eondon rather than to RAMM. 
Jeffreys (1867, p. 51) notes this to be a West Indian shell. 
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Figures 19-23.19. Mactra dealbata Pulteney sensu Montagu, 1803 [Standellapellucida (Gmelin, 1791)] 19.1 Old NHMUK labels 
indicating provenance of Laskey Coll. The larger label reads {Purch^ of Capt. Laskey who called it the Mactra dealbata of Montagu, 
asserted that he found it in the Firth of Forth near the mouth}. 19.2 Interior and exterior of entire right valve, NHMUK 20170127. 
19.3 Interior of damaged left valve. 20. Helix decussata Montagu, 1803 {Zebinella decussata (Montagu, 1803)] 20.1 Montagu 
hexagonal blue card with 2 syntypes, EXEMS Moll4239a-b. 20.2 Apertural and abapertural view of larger syntype, EXEMS Mol- 
14239a. 21. Turbo decussatus Montagu, 1803 [Parthenina decussata (Montagu, 1803)] 21.1 Montagu wooden plinth with blue 
card attached, 1 shell remaining, empty scars present. EXEMS Moll4273. 21.2 Base of box with original Montagu label attached 
and identified as such by J.R. le B. Tomlin. NHMUK 1998072. 21.3 Abapertural and apertural (SEM) views of syntype EXEMS 
Moll4273. 21.4 Apertural view of syntype NHMUK 1998072. 22. Valuta denticulata Montagu, 1803 [Myosotella denticulata (Mon¬ 
tagu, 1803)] 22.1 Montagu hexagonal blue card with 2 sh. and empty scars. 22.2 Abapertural and apertural views of Eectotype 
EXEMS Moll4100a. 22.3 Abapertural and apertural views of Paralectotype EXEMS Moll4100b. 23. Helix detrita Montagu, 1803 
non Muller, 1774 [Drymaeus elongatus (Roding, 1798)] 23.1 Old label for lot 4299. 23.2 Abapertural and apertural views of syntype 
EXEMS Moll4299. 23.3 SEM of protoconch. 
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decmsata My a Montdigw, 1808. 

Petricola lithophaga (Retzius, 1788) [Veneroidea; 
Petricolidae], 

Montagu G 1808. Suppl. Test. Brit. p. 20 Tab. 28 fig.l. 
Frith (Firth) of Forth (from Laskey); Erroneus Lusita- 
nian and Mediterranean. 

Not in RAMM or NHMUK. 

Jeffreys (1863, p. 348 states) {V. subromboidea of Mon¬ 
tagu is apparently the adult of Petricola lithophaga, 
Retz,- his Mya decussata (P. ruperella, Lamarck) being 
certainly the younger state of that shell: this species has 
not been authenticated as British, although it is rather 
common in the Mediterranean and the west of France}. 

decussatus Mytilus Montagu, 1808. 

Crenella decussata (Montagu, 1808) [Mytiloidea, 
Mytlidae]. 

Montagu G1808. Suppl. Test. Brit. p. 69-70, not figured. 
Scottish coasts (from Laskey). 

Not in RAMM or NHMUK. 

decussatus Turbo Montagu, 1803. (Fig. 21) 

Parthenina decussata (Montagu, 1803) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 322, Tab. 12 
fig. 4. 

Salcombe. 

EXEMS Moll4243, Syntype, 1 sh. on blue card on 
plinth, other vague scars. 

NHMUK 1998072, Syntype, Ish 

denticulata Montagu 1803. (Fig. 22) 

Myosotella denticulata (Montagu, 1803) [Ellobi- 
OIDEA, ElLOBIIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 234-235, not 
figured. 

Faversham (from Boys); Plymouth; Barnstaple; Ilfra¬ 
combe; Aberavon; Southapmton. 

EXEMS Moll4100, 2sh + blue card with 6 scars. Lec- 
totype EXEMS Moll4100a and paralectotype EX¬ 
EMS Moll4100b designated by Frias Martins (1996). 

denticulatus Turbo Montagu, 1803. 

Rissoina denticulata (Montagu, 1803) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Parti, p. 315, not figured. 
Weymouth (from Bryer); erroneous is Caribbean. 
EXEMS M 0 II 4444 (3sh. listed), not found. Not in 
NHMUK. 

Jeffreys (1867, p. 51) notes this to be West Indian. 

depressa Helix Montagu, 1803. 

Skeneopsis planorbis (Fabricius, 1780) [Littori- 

NOIDEA, SkENEOPSIDAE]. 

Montagu G1803. Test. Brit Parti, p. 439-440, Tab. 13 fig. 5. 
Whitsand Bay and Falmouth in Cornwall, Burrow in 
Devonshire. 

Not in RAMM or NHMUK. 


detrita Helix Montagu, 1803 non Muller, 1774. (Fig. 23) 
Drymaeus elongatus (Roding, 1798) [Orthalicoidea, 
Bulimulidae] 

Montagu G 1803. Test Brit Part 2. p. 384-386, Tab. 
11 fig. 1. 

Weymouth and Dorchester (from Bryer), Erroneus is 
Caribbean. 

EXEMS M 0 II 4299 , Ish 

Jeffreys (1862, p. 239) states (The Helix detrita of Mon¬ 
tagu (judging from a specimen received from him by 
Mr Dillwyn and now in my collection) is exotic, and 
apparently a variety of Bulimus Guadaloupensis of Bru- 
guiere}. The shell in RAMM is not this species but has 
been identified as Drymaeus elongatus (Roding, 1798) 
by Bram Breure (pers. comm.); the reticulate protoconch 
(Fig. 23.3) confirming the family placement. The type 
specimens were said to be collected from freshwater 
pools and streams but Drymaeus is a genus of tropical 
land snails. Whether more than one taxon is involved can 
no longer be clarified nor can the identity of the shell 
seen by Jeffreys be substantiated. The only records of 
B. guadalupensis in the Jeffreys collections refer to 2 
specimens from “New Sth. Wales” (USNM 67239). If 
the locality does refer to New South Wales in Austra¬ 
lia then this record is also erroneous as that species is 
also West Indian and only recently found as an introduc¬ 
tion (Breure 1974). Given that the labels in the Jeffreys 
collection in the USNM have been transposed from the 
original then the locality may be a corruption and indeed 
refer to Wales in the British Isles. 

diaphana Bulla Montagu, 1803. 

Trivia arctica (Pulteney, 1799) [Velutinoidea, Trivddae]. 
Montagu G 1803. Test. Brit Part 1. p. 225-226, Tab. 
7 fig. 8. 

Salcombe Bay; Falmouth. 

Not in RAMM or NHMUK. 

discors Cardium Montagu, 1803. 

Strigilla pisiformis (Linnaeus, 1758) [Tellinoidea, 
Tellinidae]. 

Montagu G 1803. Test Brit. Part 1. p. 84, not figured. 
Falmouth (doubtfully English); is Caribbean. 

Not in RAMM or NHMUK. 

Jeffreys (1863, p. 236-7) under Lucinella divaricata states 
(This is the Cardium discors of Montagu} but then goes 
on to suggest that there was confusion about what Mon¬ 
tagu intended by his Cardium discors. In the original de¬ 
scription Montagu refers to Strigilla (as Tellina) pisiformis. 

discrepans Mytilus Montagu, 1803. (Fig. 24) 

Musculus discors (Linnaeus, 1767) (Mytiloidea, 
Mytilidae]. 

Montagu G 1803. Test Brit Part 1. p. 169-170, not 
figured. 

Southampton at mouth of Itchin; Ilfracombe and south 
coast of Wales. 

EXEMS MoI13939-3946, Syntypes, 8sh., 4 disarticulated. 
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RIBBED ISSJSSEL, 
MODIOLABIA COSTIILATA 

1 CHisso) 

Britain. 

H. D'Orville. S9:^9-46. 
^tiontagu Collection). 


^ ♦ a- 


EXEMS MOII3693 
26.2 




leszantuliiiius 


« DISTORTED THHAClA. 
[’HnAOTA nxRi’nnfpA 


THRACIA DISTORTA 

(Montagu) 

Britain. 

H. D'Orville. K693-4. 
(Montagu Collection). 






V-^ 


28.3 


BANDED COCKLE, 
CARi:)HTM FASCIATUM, 

Montagu 

Britain. 

H. D'Orville. 3881-4 
(Montagu Collection) . 


Figures 24—28.24. Mytilus discrepans Montagu, 1803 [Musculus discors Linnaeus, 1767)] 24.1 “Rowley” box containing 8 sh. EX¬ 
EMS Moll3939-46. 24.2 Montagu label. 24.3 Exterior of right and left valves of syntype EXEMS Moll3939. 25. Turbo dispar Mon¬ 
tagu, 1816 [Littorina sp?] 25.1 Montagu hexagonal blue card with original label for lot 4202. 25.2 Abapertural and apertural views 
of syntype EXEMS Moll4202. 26. Mya distorta Montagu, 1803 [Thracia distorta (Montagu, 1803)] 26.1 “Rowley” box containing 
Ish. +lv. 26.2 External views of right and left valves of syntype EXEMS Moll3693. 26.3 External and internal views of the left 
valve of syntype EXEMS Moll3694. 27. Turbo elegantissimus Montagu, 1803 [Turbonilla lactea (Einnaeus, 1758)] 27.1 Montagu 
hexagonal blue card with 6 sh. + 1 frag. EXEMS Moll4263a-f 27.2 Abapertural and apertural views of syntype EXEMS Moll4263a. 
27.3 SEM Apertural view of syntype EXEMS Moll4263a. 28. Cardium elongatum Montagu, 1803 [Cerastoderma edule (Einnaeus, 
1758)] 28.1 Register entry under Cardium fasciatum with C. elongatum for lot 3881. 28.2 “Rowley” box containing 1 shell on blue 
card and 3 loose shells. 28.3 Montagu hexagonal blue card with number 3881 on reverse and label for C. elongatum. 28.4 Internal 
of left valve, external of right valve of syntype EXEMS Moll3881. 28.5 Parvicardium exiguum, 1 of 3 shells EXEMS Moll3882-4. 
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disjunctus Turbo Montagu, 1808. 

Rissoa disjuncta (Montagu, 1808) [Rissooidea, Ris- 
soidae], 

Montagu G 1808. Suppl. Test. Brit. p. 128, not figured. 
Scottish coast (in Laskey cabinet). 

Not in RAMM or NHMUK. 

Not in Worms. Jeffreys (1867, p. 50) notes it to be 
West Indian. 

dispar Turbo Montagu, 1816. (Fig. 25) 

Littorina dispar (Montagu, 1816) [Littorinoidea, 
Littorinidae]. 

Montagu G 1816 Trans Linn Soc. Land. 11, p. 195, 
Tab. 13 fig. 4. 

Poole (from Bingley); Erroneus, ?subtropical/tropical 
EXEMS Moll4202, Syntype Ish. on blue card, 1 
empty scar. 

Forbes and Hanley (1853) and Jeffreys (1865, p. 376) 
state (The following two species of Littorina have 
been erroneously introduced into the list of British 
mollusca; both are West-Indian}. 

Bequaert (1943, p. 15) and (Abbot 1964, p. 66) suggest 
that it is the Caribbean Nodilittorina ziczac (Gmelin 1791). 
Bandel and Kadolsky (1982, p. 38) suggest that it is 
the South African species Nodilittorina knysnaensis 
(Philippi 1847) and that type was not available. 

Reid and Williams (2004 p. 108) identify it as Melar- 
haphe neritoides (Linnaeus, 1758) and quote RAMM 
4202 = EXEMS Moll4202. 

distorta My a Montdigu, 1803. 

Thracia distorta (Montagu, 1803) [Thracioidea, 
Thraciidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 42^4, Tab.l 
fig. 1. 

As Ligula distorta in register, see below. 

distorta Ligulayion\3ig\\ 1808. (Fig. 26) 

Thracia distorta (Montagu, 1803) [Thracioidea, 
Thraciidae]. 

Montagu G1808 Suppl. Test. Brit, p 166-167, not figured. 
Falmouth; Plymouth. 

EXEMS Moll3693-3694, Syntypes, Ish + Iv 

distorta Patella Montagu, 1816. 

Novocrania anomala (Muller, 1776) [Brachiopoda, 
Craniidae]. 

Montagu G 1816 Trans. Linn. Soc. Lond. 11, p. 195- 
196, Tab. 13 fig. 5. 

Shetland. 

Not in RAMM or NHMUK. 

edentula Cardium Montagu, 1808. 

Serripes groenlandicus (Mohr, 1786) [Cardioidea, 
Cardiidae]. 

Montagu G1808. Suppl. Test. Brit. p. 29-30, not figured. 
Portsmouth (from Laskey); Erroneus is Arctic. 

Not in RAMM or NHMUK. 


elegantissimus Turbo, Montagu 1803. (Fig. 27) 

Turbonilla lactea (Linnaeus, 1758) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 298-299, Tab. 
10 fig. 2. 

Sanfwich (from Boys); Falmouth; Salcombe; Ilfra¬ 
combe. 

EXEMS Moll4236, Syntypes, 5sh.+l broken+1 frag¬ 
ment on blue card + 2 empty scars. 

elongatum Cardium Montagu, 1803. (Fig. 28) 

Cerastoderma edule (Linnaeus, 1758) [Cardioidea, 
Cardiidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 82, not figured. 
Salcombe Bay. 

EXEMS Moll3881, Syntype of C. elongatum,\sh. on 
blue card. 

Although recognised as a junior synonym of Parvicar- 
dium pinnulatum (Conrad, 1831) in WoRMS it is our 
opinion that lot 3881 is a juvenile Cerastoderma edule 
(confirmed by Jan-Johan ter Poorten, pers comm). Lot 
3881 and 3882-4 are entered in the RAMM register 
under C. fas datum but the latter are Parvicardium ex- 
iguum (Fig. 28.5). 

europaea, Montagu, 1808. (Fig. 29.1-2) 

Trivia monacha (da Costa, 1778) [Velutinoidea, 
Triviidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 88-91, not fig¬ 
ured. 

EXEMS Moll4248, 12sh seen by Brind (1979). There 
is an extensive correspondence between Kelvin Boot 
of RAMM and Kathy Way of the NHMUK with Craw¬ 
ford Cate during 1976 concerning potential type ma¬ 
terial. This centred on recognising type material for 
both Trivia europaea and T. arctica. The twelve shells 
present were photographed in the Natural History Mu¬ 
seum London and subsequently used in Cate, 1979. Of 
these 12 shells 3 bear spots and one was selected by 
Cate (1979, p. 26-28, Fig. 19) as the Lectotype of Cy- 
praea europaea Montagu (cited as RAMM 63/1976.1 
(c) now EXEMS Moll4248/l. We regard the other 2 
as Paralectotypes EXEMS Moll4248/3-4. Of the re¬ 
maining 8 ribbed shells that do not bear spots Cate se¬ 
lected one as a Hypotype of T. arctica and this is rec¬ 
ognised here as EXEMS Moll4248/2. The remaining 
7 shells have no status. The remaining juvenile shell 
EXEMS Moll4248/12 was probably that recognised 
by Brind (1979) as representing Cypraea bullata and 
can be regarded as a Syntype of that taxon. 

In Cate (1979) the RAMM shells were re-accessioned 
as 63/1976.1-2 but this system has been abandoned. 

fasciatum Cardium Montagu 1808. 

Parvicardium pinnulatum (Conrad, 1831) [Cardi¬ 
oidea, Cardiidae]. 

Montagu G 1808. Suppl. Test. Brit, p 30 Tab 27 fig 6. 
Cornish and Devon coasts. 
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EXEMS Moll4247 


Figures 29-33.29. Cypraea europaea Montagu, 1808 {Trivia monacha (Da Costa, 1778)] 29.1 Label from “Rowley” box. 29.2 Ap- 
ertural, lateral and apical views of lectotype, EXEMS Moll4248/l. 29.3 Trivia arctica, apertural and apical views of hypotype, 
EXEMS Moll4248/2. 29.4 Cypraea bullata Montagu, 1803 {Trivia arctica Pulteney, 1799)] Apertural and apical views of syntype 
EXEMS Moll4246/12. 30 Tellina flexuosa Montagu, 1803 {Thyasira flexuosa (Montagu, 1803)] 30.1 “Rowley” box with 5sh. 
syntypes, EXEMS Moll3894-9. 30.2 Internal and external views of syntype selected as lectotype by Ockelmann but not published 
EXEMS Moll3894. 31. Helix gibbsii Montagu MSS in Eeach, (1818) 1852 {Monacha cartusiana (Muller, 1774)] 31.1 Apical, later¬ 
al and basal views of specimen EXEMS Moll4141/a. 32 Murex gracilis Montagu, 1803 {Comarmondia gracilis (Montagu, 1803)] 

32.1 “Rowley” box containing a single shell on blue card. 32.2 Montagu hexagonal blue card with original label. 32.3 Abapertural 
and apertural views of lectotype EXEMS Moll4247. 33. Bulla haliotoidea Montagu, 1803 {Lamellariaperspicua (Einnaeus, 1758)] 

33.1 “Rowley” box with 4 sh. on blue card. 33.2 Montagu blue card with 4 syntypes EXEMS Moll4243a-d. 33.3 Apical view of 
syntype EXEMS Moll4243a and apertural view of syntpe EXEMS Moll4243b. 
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EXEMS Molls 8 82^ but associated with EXEMS 
Molls881, which is the type of Cardium elongatum 
Montagu (see above). Although labelled fasciatum 
these S shells are Parvicardium exiguum (Gmelin, 
1791). 

ferruginos a My a Monidigu, 1808. 

TelUmya ferruginosa (Montagu, 1808) [Galeomma- 

TOIDEA, MoNTACUTIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 22, Tab. 26 fig. 
2 and p. 166. 

Belton Sands, Dunbar (from Easkey); Weymouth 
(from Bryer). 

Not in RAMM or NHMUK. 

flava Doris Montagu, 1804. 

Polycera quadrilineata (O. F. Muller, 1776) [Polyce- 

ROIDEA, PoLYCERIDAE]. 

Montagu, 1804. Trans. Linn. Soc. Land. 7. p. 79, Tab. 
7 fig. 6. 

South coast of Devonshire. 

No record of any non-shelled species being deposited. 

flexilis Bulla Montagu 1808. 

Velutina plicatilis (Muller, 1776) [Velutinoidea, Ve- 
lutinidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 168-169, not 
figured. 

Dunbar (from Easkey). 

Not in RAMM or NHMUK. 

jfexuosa Tellina Montdigu, 180S. (Fig. SO) 

Thyasira flexuosa (Montagu, 180S) [Thyasiroidea, 
Thyasiridae]. 

Montagu G 180S. Test. Brit. Part 1. p. 72-7S, not fig¬ 
ured. 

EXEMS Moll3894, Syntypes, 5sh. Borrowed by Kurt 
Ockelmann, lectotype isolated but never published. 

fossaria Helix Montagu, 180S. 

Galba truncatula (Muller, 1774) [Eymnaeoidea, Eym- 
naeidae]. 

Montagu G 180S. Test. Brit. Part 2. p. S72-S7S, Tab. 
16 fig. 9. 

Devonshire. 

EXEMS Moll4504, not found. Not in NHMUK. 

fusca Helix Montagu, 180S. 

Zenobiella subrufescens (Miller, 1822) [Helicoidea, 
Hygromiidae]. 

Montagu G 180S. Test. Brit. Part 2. p. 424^25, Tab. 
IS fig. 1. 

Sandwich (from Boys). 

EXEMS Moll4469, seen by Jeffreys (1879, p. 2) {'He¬ 
lix fused’' One specimen is H. cartusiana, Muller, as is 
also the Scotch specimen mentioned by Montagu}, not 
found. Not in NHMUK. 


fuscus Turbo Walker in Montagu, 180S. 

Acicula fusca (Montagu, 180S) [Cyclophoroidea, 
Aciculidae]. 

Montagu G 180S. Test. Brit. Part 2. p. SSO, not figured. 
Bysing Wood, Faversham. 

Not in RAMM or NHMUK. 

gadus Dentalium Montagu, 180S. 

Gadila gadus (Montagu, 180S) [Gadilimorpha, Ga- 
dilidae]. 

Montagu G 180S. Test. Brit. Part 2. p. 496, Tab. 14 
fig. 7. 

British Channel. 

Not in RAMM or NHMUK. 

gibbsii Helix Montagu MSS in Eeach MSS 1818 (1852). 
(Fig. SI) 

Monacha cartusiana (Muller, 1774) [Helicoidea, Hy¬ 
gromiidae]. 

EXEMS Moll4141, 2sh. 

These are likely to be the first specimens found of this 
species in the British Isles. Eeach in Gray (1852) notes 
that Montagu had given the name gibbsii in a man¬ 
uscript of 1814 after receiving these shells from Mr 
Gibbs. One can assume that the Helix gibsii of Brown 
1827 is the same taxon but Brown states that he got the 
shells from Devon collected by Eeach. In Eeach 1818 
and Eeach in Gray 1852 there is no mention of Devon 
as a locality for Monacha cartusiana. 

glabrum Dentalium Montagu, 1803. 

Caecum glabrum (Montagu, 1803) [Truncatel- 
LOIDEA, CaECIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 497, not figured. 
Bideford: Barnstaple. 

Not in RAMM or NHMUK. 

gracilis Murex Montugu, 1803. (Fig. 32) 

Comarmondia gracilis (Montagu, 1803) [Conoidea, 
Clathurellidae] . 

Montagu G 1803. Test. Brit. Part 1. p. 267, Tab. 15 
fig. 5. 

Bideford Bay. 

EXEMS Moll4257, Lectotype, 1 sh. on blue card des¬ 
ignated by Della Bella and Scarponi (2006). 

NHMUK 1998070, Paralectotypes, 5sh. not seen by 
Della Bella and Scarponi (2006) 

gyrinus Murex Montagu, 1808 (non Einnaeus, 1758). 

? Gyrineum gyrinum (Einnaeus, 1758) [Tonnoidea, 
Ranellidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 170, not figured. 
Nuns Island, Scotland (from Easkey). Erroneous is In- 
do-Pacific. 

Jeffreys (1867, p. 315) states [Murex gyrinus of Mon¬ 
tagu (not of Einne), a base coin from the Easkeyan 
mint, is exotic}. Not in RAMM or NHMUK 
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haliotoidea Bulla Montagu, 1803. (Fig. 33) 

Lamellaria perspicua (Linnaeus, 1758) [Velutinoi- 
DEA, VeLUTINIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 211-214, Tab. 

7 fig. 6. 

Salcombe Bay. 

EXEMS Moll4243, Syntypes, 4 sh. on blue card. 

Lot 4243 in RAMM register gives '"Lamellaria ten- 
taculata 4 on card” with B. haliotoidea written below. 
Given the size of shells suggests these are L. perspicua 
= haliotoidea not tentaculata. 

Jeffreys (1867, p.238) stated that (The types of both 
Montagu’s species are in the British Museum}. 

hepaticum Buccinum Montagu, 1803. 

Nassarius nitidus (Jeffreys, 1867) [Buccinoidea, 
Nassariidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 243-244, Tab. 

8 fig. 1. 

Purbeck; Weymoth. 

Not in RAMM or NHMUK. 

Mans Mactra Montagu, 1803. 

Lutraria oblonga (Gmelin, 1791) [Mactroidea, 
Mactridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 101-102, not 
figured. 

Between Truro and Falmouth. 

Not in RAMM or NHMUK. 

hyalina Valuta Montagu, 1808. (Fig. 34) 

Columbella sp indet. [Buccinoidea, Columbelli- 
dae]. 

Montagu G 1808. Suppl. Test. Brit. p. 101-102, Tab. 
30 fig. 1. 

Dunbar in Laskey’s cabinet. 

NHMUK. 1998073, Ish. 

Jeffreys (1830, p. 368) (I suspect that the Valuta hya¬ 
lina of Montagu is only an imperfect specimen of this 
last variety} referring to Myosotella denticulata var. 
rejlexa Turton. 

Later (Jeffreys 1867, p. 359) states [Valuta hyalina, 
Montagu, as from Dunbar (Laskey); young of Colum¬ 
bella lactea, a common West Indian shell}. 

However the shell now on the block is Minioliva cf per- 
plexa Olsson, 1956 a common Florida shell (det R. Vo- 
skuil, pers. comm.). The aperture has no plications and 
this shell does not agree in any way with the original de¬ 
scription or figure. The original figure and that of Com- 
inia hyalina Montagu given by Brown (1844 pi. 8 fig. 9) 
do however resemble a Columbella. This suggests that 
the specimen now attached to the block is a subsequent 
and poor replacement, and has no type status. 

inaequivalvis My a Montagu, 1803. (Fig. 3 5) 

Corbula gibba 1792) [Myoidea, Corbulidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 38, not figured. 
Salcombe Bay; coasts of Cornwall and Devon. 


EXEMS Mo113865-6 Syntypes, 1 sh. + Iv although 
register indicates 17 shells originally. 

indistinctus Turbo Montagu, 1808. 

Parthenina indistincta (Montagu, 1808) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 129, not figured. 
Found in the Boysian cabinet. 

Noted as missing in RAMM & NHMUK by Waren 
(1991). Not in RAMM or NHMUK. 

insculptus Turbo Montagu, 1808. 

Ondina divisa (J. Adams, 1797) [Pyramidelloidea, 
Pyramidellidae] . 

Montagu G 1808. Suppl. Test. Brit. p. 129-130, not 
figured. 

Coast of Devon. 

EXEMS M0II4453, not found. Not in NHMUK. 

interstinctus Turbo J. Adams in Montagu, 1803. (Fig. 36) 
Parthenina interstincta (Adams in Mont., 1803) [Pyr¬ 
amidelloidea, Pyramidellidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 324, Tab. 12 
fig. 10. 

Bigberry Bay, Devon. 

EXEMS Moll4241, Ish. on blue card, 2sh. loose, seen 
byBrind(1979). 

EXEMS Moll4241/l Neotype selected for Turbo in¬ 
ter stictus Adams, 1797 by Waren (1991). 

EXEMS Moll4241/2/3 2sh and NHMUK 1998069, 
2sh. are syntypes of T. interstictus sensu Montagu 
The neotype designation has been challenged by Aart- 
sen, Gittenberger and Goud (2000, p. 28) who state that 
the descriptions given by Adams (1797a) and Montagu 
(1803) do not agree and also note that Adams’ figures 
are unrecogniseable. However they maintain the priority 
of Adams’ name and give Jaminia obtusa Brown, 1827 
as the next available. They retain the neotype chosen by 
Waren 1991 but now for obtusa of Brown (1827). The 
type locality given by Brown was Dunbar, Scotland. 

jugosus Turbo Montagu 1803. (Fig. 37) 

Littorina saxatilis (Olivi, 1792) [Eittorinoidea, Eit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 586-588, not 
figured. 

EXEMS M0II4199, 2sh. loose (6.8 and 6.25mm), blue 
card with 5 scars. 

Eabel reads “in cabinet with no name” Recognition of 
this lot as jugosus was by RSK Barnes in litt.. 

EXEMS M0II4199/I Lectotype, Ish EXEMS 
M0II4199/2 Ish, paralectotype EXEMS Moll4198 
paralectotype Ish., NHMUK1979185 Paralectotype 

Ish.; all selected by Reid (1996). 

juniperi Turbo Montagu, 1803. 

Abida secale (Draparnaud, 1801) [Pupilloidea, 
Chondrinidae]. 
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Figures 34—38. 34. Voluta hyalina Montagu, 1808 [?] 34.1 Old mounting block and labels, reverse block reads {Voluta hyalina 
Mont. Test. Brit. Sup.tSO fl \Comima hyalina Brown Illust. | Columbella hyalina Forbes, Hanley iii.445. | Mus Mont. Coll. Las¬ 
key}. 34.2 Minioliva cf. perplexa Olsson, 1956, apertural and abapertural views, NHMUK 1998073 34.3 Minioliva cf. perplexa 
Olsson, 1956, SEM of apertural view, NHMUK 1998073 35. Mya inaequivalvis Montagu, 1803 [Corbula gibba (Olivi, 1792)] 35.1 
Labels from wooden mounting block, no original labels present. 35.2 External views of left and right valves of syntype EXEMS 
Moll3865. 35.3 Internal view of solitary right valve of syntype EXEMS Moll3866. 36. Turbo interstinctus Adorns in Montagu, 1803 
[Parthenina interstincta (Adams, 1797)] 36.1 Montagu hexagonal blue card with 1 sh. and empty scars. 36.2 Neotype of T. inter- 
tinctus Adorns, 1797, gold coated for SEM, EXEMS Moll4241a. 36.3 Apertural and abapertural views of syntype of T. interstictus 
sensu Montagu EXEMS Moll4241b. 36.4 SEM of apertural view of syntype of T. interstictus sensu Montagu EXEMS Moll4241b. 
37. Turbo jugosus Montagu, 1803 [Littorna saxatilis (Olivi, 1792)] 37.1 Entry in register, states{5 in cabinet with no name}, this 
is repeated on the label illustrated below. 37.2 Montagu blue hexagonal card with label attached showing 5 scars. 37.3 Abapertural 
and apertural views of lectotype EXEMS Moll4199/1. 38. Turbo labiosa Montagu, 1803 [Rissoa membranacea (J. Adams, 1800)] 
38.1 Montagu hexagonal black card and original label with 4 sh. attached. 38.2 Apertural and abapertural views of lectotype EX¬ 
EMS Moll4210/1. 38.3 Paralectotypes EXEMS Moll4210/2-3. 38.4 Two shells of Rissoa membranacea isolated from lot EXEMS 
Moll4210 by Verduin, 1982. 
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Oliver, RG. et al.: Type specimens of Mollusca described by Col. George Montagu... 


Montagu G 1803. Test. Brit. Part 2. p. 340-342, Tab. 

12 fig. 12. 

Easton Grey, Wiltshire. 

EXEMS Moll4501 not found. Not in NHMUK. 

labiata Turbo Montagu, 1803. 

Papillifera labiata (Montagu, 1803) [Clausilioidea, 
Clausilidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 362-363, Tab. 
11 fig. 6. 

EXEMS Moll4522 not found. Not in NHMUK. 

We are unable to clarify the status of this taxon. Jef¬ 
freys (1830) suggests that Clausilia solida Drapar- 
naud, 1805 is a junior synonym but Jeffreys (1862, p. 
286-287) says labiata is perhaps C. (Alinda) biplicata 
and goes on to state that C. solida is quite different. 

labiosa Helix yiontdigu, 1803. (Fig. 38) 

Rissoa membranacaea (J Adams, 1800) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 400^03, Tab. 

13 fig. 7. 

Falmouth; coasts of Devon; Dorset; S. Wales. 

EXEMS Moll4210 a lot descibed by Verduin (1982) 
as a mixture of two species and many indeterminate 
damaged shells 

EXEMS Moll4210/1, Lectotype selected by Verduin 
(1982). 

Register states “4 on card many in box all 4210”. Verdu¬ 
in has selected 4 shells from the box lot as labiosa with 
one as lectotype, his figure 37. Can presume 3 others to 
be paralectotypes but Verduin does not state this. Of 4 on 
card one is labiosa but again not selected as paralectotype. 
Remainder from box are membranacea or unidentifiable. 

lackhamensis Helix Montagu, 1803. (Fig. 39) 

Ena montana (Drapamaud, 1801) [Enidoidea, Enidae]. 
Montagu G 1803. Test. Brit. Part 2. p. 394-395, Tab. 11 
fig. 3. 

Eackham in Wiltshire. 

EXEMS Moll4130 Syntypes, 2sh. EXEMS Moll4506, 
not found. 

lacuna Helix Montagu, 1803. 

Lacuna parva (da Costa, 1778) [Eittorinoidea, Eit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 428^29, Tab. 
13 fig. 6. 

Coast of Devon, Southampton and Folkestone. 

Not in RAMM or NHMUK. 

lacustris Nautilus Montagu, 1803. 

Segmentina nitida (Muller, 1774) [Planorboidea, 
Planorbidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 191-195, Tab. 
6 fig. 3. 

Sandwich from Boys. 

Not in RAMM or NHMUK. 


laevis Chiton Pennant sensu Montagu, 1803. 

Callochiton septemvalvis (Montagu, 1803) [Chi- 

TONOIDEA, CaLLOCHITONIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 2-3, not figured. 
Salcombe Bay. 

Not in RAMM or NHMUK. 

laminatus Turbo Montagu, 1803. (Fig. 40) 

Cochlodina laminata (Montagu, 1803) [Clausili¬ 
oidea, Clausilidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 359-361, Tab. 
11 fig. 4. 

Eackham Wood and Bow Wood, Wiltshire 
EXEMS Moll4123, Syntypes, 5 sh. +2 apices loose. 

I as key i Tellina Montagu, 1808. (Fig. 41) 

? Moerella donacina (Einnaeus, 1758) Not this spe¬ 
cies. [Tellinoidea] 

Montagu G1808. Suppl. Test. Brit. p. 28-29, Tab. 28 fig. 3. 
Firth of Forth. 

EXEMS Moll4284, Syntypes, 2v NHMUK 
20170124 Syntypes, 4sh +3v. 

Huber (2015) places this species in the synonymy of 
Moerella donacina but this is certainly in error. 
Jeffreys (1863, p. 410) places it in the genus Donax. 
(“I have one of the original specimens (a single valve), 
owing to the kindness of my late friend Mr Dillwyn, 
who received it from Colonel Montagu. It is supposed 
to be a West-Indian shell; and there is no satisfactory 
evidence that it has ever been found in the British Seas, 
much less in the Firth of Forth.} 

The shells have a resemblance to both Psammobiidae and 
Donacidae but the presence of lateral teeth, seen best in 
the right valve, supports the laher and agrees with Jeffreys. 
However, we cannot place this shell among the Caribbean 
fauna. It has the aspect of the genus Tentidonax (Rudo von 
Cosel pers. comm) but not a known West African species. 

linearis Murex Montagu, 1803. (Fig. 42) 

Raphitoma linearis (Montagu, 1803) [Conoidea, Ra- 
phitomidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 261-262, Tab. 
9 fig. 4. 

Falmouth; Salcombe Bay. 

EXEMS Moll4254, Paralectotypes, 2sh on blue card, 
2 sh loose, 2 empty scars. “Borrowed by A. Waren, no 
designation made. 

NHMUK 1995090/1-10, Lectotype and paralecto¬ 
types lOsh. selected by Rolan, Otero-Schmitt and Fer¬ 
nandes (1998). 

lutea Helix Montagu, 1803. 

Radix balthica (Einnaeus, 1758) [Eymnaeoidea, Eym- 
naeidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 380-381, Tab. 
16 fig. 6. 

South Devon; Salcombe Bay. 

EXEMS Moll4117, not found. Not in NHMUK. 
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Figures 39-42. 39 Helix lackhamensis Montagu, 1803 [Ena montana (Draparnaud, 1801)] 39.1 Entry in register as Bulimus lack- 
hamensis. 39.2 “Rowley” box with 2 sh., no original labels. 39.3 Abapertural and apertural views of syntype EXEMS Moll4130a. 
49 Turbo laminatus Montagu, 1803 [Cochlodina laminata (Montagu, 1803)] 40.1 “Rowley” box containing 5 sh. + 2 frag., all syn- 
types EXEMS Moll4123. 40.2 Apertural and abapertural views of syntype EXEMS Moll4123a. 41. Tellina laskeyi Montagu, 1808 
[Tentidonax sp.] 41.1 Register entry and original label for EXEMS Moll4248. 41.2 Exterior and interior of right valve of syntype 
EXEMS Moll4248/l, pallial sinus highlighted. 41.3 Old NHMUK labels indicating provenance from Easkey. Earger label reads 
{according to Humphreys native of W. Indies | by Montagu said to be dredged by Easkey in the Firth of Forth} 41.4 Interior and 
exterior views of left valves and interior of right valve of 1 of 4 complete syntypes NHMUK 20170124. 42 Murex linearis Mon¬ 
tagu, 1803 [Raphitoma linearis (Montagu, 1803)] 42.1 Old labels and mounting block for type series in NHMUK. 42.2 Abapertural 
and apertural views of lectotype NHMUK 1995090/1. 42.3 Montagu hexagonal blue card with paralectotypes, EXEMS Moll4245. 
42.4 Abapertural and apertural views of paralectotype EXEMS Moll4245a. 
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Oliver, RG. et al.: Type specimens of Mollusca described by Col. George Montagu... 


macula Buccinum Montagu, 1803. 

Nassarius incrassatus (Strom, 1768) [Buccinoidea, 
Nassariidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 241-242, Tab. 
8 fig. 4. 

Purbeck; Weymouth. 

EXEMS Moll4411, not found. Not in NHMUK. 

maculata Doris Montagu, 1804. 

Doto maculata (Montagu, 1804) [Cladobrachia, Do- 
tidae]. 

Montagu, 1804. Trans. Linn. Soc. Bond. 7. p. 80, Tab. 
7 figs 8-9. 

Coast of Devon. 

No record of any non-shelled species being deposited. 

margarita Helix Montagu, 1808. 

Margarites helicinus (Phipps, 1774) [Trochoidea, 
Margaritidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 143-144, not 
figured. 

Dunbar (from Easkey). 

Not in RAMM or NHMUK. 

marginata Doris Montagu, 1804. 

Cadlina laevis (Einnaeus, 1767) [Doridoidea, Cad- 
linidae]. 

Montagu, 1804. Trans. Linn. Soc. Lond. 7. p. 79, Tab. 
7 fig. 7. 

Coast of Devon. 

No record of any non-shelled species being deposited. 

marginatus Turbo Montagu 1808. (Fig. 43) 

IRissoa auriscalpium (Einnaeus, 1758) [Rissooidea, 
Rissoidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 128, not figured. 
Guernsey from Easkey. 

NHMUK 20170126, 4sh. with labels that suggest these 
are ex Easkey coll and represent T. marginatus Montagu. 
The name Turbo marginatus is not in WoRMS. The 
synonymy is from Jeffreys (1867, p. 49) and he regard¬ 
ed the record as spurious. 

membranacea Lamellaria Montagu, 1816. 

Pleurobranchus membranaceus (Montagu 1816) 

[PlEUROBRANCHOIDEA, PLEUROBRANCfflDAE]. 

Montagu G 1816 Trans. Linn. Soc. Lond. 11, p. 184—186, 
Tab. 12 fig. 3. 

Kingsbridge. 

Not in RAMM or NHMUK. 

minima Venus Montugu, 1803. (Fig. 44) 

Gouldia minima (Montagu, 1803) [Veneroidea, 
Veneridae]. 

Montagu G 1803. Test. Brit. Part 7. p. 121, Tab. 3 fig. 3. 
Falmouth. 

EXEMS Moll3847, Syntypes, 2v. on blue card. 
NHMUK 1998055, Syntype Ish 


minimum Buccinum Montagu, 1803. (Fig. 45) 

Chauvetia brunnea (Donovan, 1804) [Buccinoidea, 
Buccinidae]. 

Montagu G1803. Test. Brit. Part 1. p. 247, Tab. 8 fig. 2. 
Mouth of R. Aun (Avon); Devon; Salcombe; Torcross. 
EXEMS Moll4259, Syntypes, 3 sh. Eectotype select¬ 
ed by AA Euque but not published. 

minutissima Mactra Montagu, 1808. 

Goodallia triangularis (Montagu, 1803) [Crassatel- 

LOIDEA, AsTARTIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 37-38, not fig¬ 
ured. 

No locality cited. 

Not in RAMM or NHMUK. 

muricatulum Cardium Montagu 1803. 

Parvicardium exiguum (Gmelin, 1791) [Cardioidea, 
Cardiidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 85, not figured. 
Sheppy (Walker). 

Not in RAMM or NHMUK. 

Not in Worms, Jeffreys (1863, p. 280) states (“C. mu¬ 
ricatulum of Montagu (from Walker, pi. hi. f83, 84) 
the fry of this species (C. exiguum)'’'’}. 

muricatus Murex Montagu, 1803. (Fig. 46) 

Trophonopsis muricata (Montagu, 1803) [Muri- 

COIDEA, MuRICIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 262, Tab. 9 fig. 2. 
Salcombe Bay. 

EXEMS Moll4266, Syntype 1 sh loose with octagonal 
blue card with 1 scar. 

nebula Murex Montagu, 1803. (Fig. 47) 

Bela nebula (Montagu, 1803) [Conoidea, Mangelii- 
dae]. 

Montagu G 1803. Test. Brit. Part 1. p. 267-268, Tab. 
15 fig. 6. 

Falmouth, Salcombe and Weymouth (from Bryer). 
EXEMS Moll4253 Ish. attached to octagonal blue 
card, 4sh. in capsules. 

EXEMS Moll4253/l, Eectotype and EXEMS 
Moll4253/2-5, Paralectotypes 4sh. designated by 
Scarponi et al. (2014). 

NHMUK 1998043/1998047/1998050, Paralectotypes, 

7sh. not examined or cited by Scarponi et al. (2014). 

nitens My a Montugu, 1808. 

Ervilia nitens (Montagu 1808) [Tellinoidea, Semel- 
idae]. 

Montagu G 1808. Suppl. Test. Brit. p. 165-166, not 
figured. 

Dunbar (from Easkey); Erroneus is Western Atlantic, 
Caribbean. 

Eectotype, RSM 1866.21a.43, selected from material 
in the Bean collection in National Museums Scotland by 
Morton and Scott (1990). Not in RAMM or NHMUK. 
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Figures 43-47. 43. Turbo marginatus Montagu, 1808 [? Rissoa auriscalpium (Linnaeus, 1758)] 43.1 Old NHMUK labels indicat¬ 
ing provenance as Laskey Coll. 43.2 Label from reverse block reads {Rissoa auriscalpium \ Zipporia Drummondii Leach | Turbo 
marginatus Laskey}. 43.3 Abapertural and apertural views of 1 of 4 potential types NHMUK 20170126. 44. Venus minima Mon¬ 
tagu, 1803 [Gouldia minima (Montagu, 1803)] 44.1 Montagu blue hexagonal card with shells attached 44.2 External and internal 
views of right valves EXEMS Moll3847, syntypes. 45. Buccinum minimum Montagu, 1803 [Chauvetia brunnea (Donovan, 1804)] 
45.1 Montagu hexagonal blue card with 7 scars and original label. 45.2 Syntype series EXEMS Moll4259a-c. 45.3 Apertural and 
abapertural views of largest syntype EXEMS Moll4249a. 46. Murex muricatus Montagu, 1803 [Trophonopsis muricata (Montagu, 
1803)] 46.1 “Rowley” box containing blue card. 46.2 Montagu hexagonal blue card with single scar. 46.3 Apertural and abapertural 
views of unique syntype EXEMS Moll4266. 47. Murex nebula Montagu, 1803 \Bela nebula (Montagu, 1803)] 47.1 “Rowley” box 
label for lot 4253. 47.2 Montagu hexagonal blue card with 1 sh. attached and original label. 47.3 Type series EXEMS Moll4253/l-5. 
47.4 Abapertural and apertural views of lectotype, EXEMS Moll4253/L 


zse.pensoft.net 













































392 


Oliver, RG. et al.: Type specimens of Mollusca described by Col. George Montagu... 


nitidissimus Turbo Montagu, 1803. 

Ebala nitidissima (Montagu, 1803) [MuRCfflSONEL- 

LOIDEA, MuRCHISONELLIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 299, Tab. 12 
fig. 1. 

Falmouth Harbour. 

EXEMS Moll4326, not found. Not in NHMUK. 

nivosus Turbo Montagu, 1803. (Fig. 48) 

Jordaniella nivosa (Montagu, 1803) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 326, not figured. 
South coast of Devon. 

EXEMS Moll4410, not found, noted as “wanting” in 
register. 

NHMUK 1998049 Syntype Ish 

Jeffreys (1867, p. 117) stated (“Montagu’s type with “ni¬ 
vosus” in his handwriting is still preserved in the British 
Museum”} While NHMUK 1998049 is marked as “Mus 
Montagu” none of the labeling is in Montagu’s hand. 
This shell was photographed by GW Chaster in 1896 
and this may be linked to his subsequent creation of the 
genus Jordaniella with T. nivosus as the type species. 

nodosum Cardium Montagu, 1803. 

Acanthocardia tuberculata (Einnaeus, 1758) [Cardi- 
OIDEA, CaRDIIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 81, not figured. 
Falmouth Harbour. 

Not in RAMM or NHMUK. 

Jeffreys (1863 p. 275) stated (“The C. cileare of Don¬ 
ovan (but not of Einne) and C. nodosum of Montagu 
(but not of Turton) are the young of this species” (C. 
tuberculatum)}. 

novacula Solen Montagu, 1803.. 

Ensis siliqua (Einnaeus, 1758) [Solenoidea, Phari- 
dae]. 

Montagu G 1803. Test. Brit. Part 1. p. 47^8, not fig¬ 
ured. 

Eaugharne, Carmarthenshire. 

Not in RAMM but seen by Jeffreys (1879, p.3) {''So¬ 
len novacula'' S. siliqua, having the cardinal teeth bro¬ 
ken off}. Not in NHMUK. 

obtusa BullaMontagu, 1803. (Fig. 49) 

Retusa obtusa (Montagu, 1803) [Bulloidea, Retusidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 223-224, Tab. 
7 fig. 3. 

EXEMS Mo114073-4087, Syntypes 15sh, 6 on octag¬ 
onal blue card, to be cited by A. Valdes in McEean’s 
North East Pacific Gastropods. 

octanfracta Helix Montagu, 1803. 

Omphiscola glaber (Muller, 1774) [Eymnaeoidea, 
Eymnaeidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 396-398, Tab. 
11 fig. 8. 


Between Fowey and Eooe in Cornwall. 

EXEMS Moll4505, not found. Not in NHMUK. 

orbiculata Venus Montagu, 1808. 

Ctena orbiculata (Montagu, 1808) [Eucinoidea, Eu- 
cinidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 23, Tab. 29 fig. 7. 
Dunbar (from Easkey); Erroneus is Caribbean. 

Not in RAMM or NHMUK. 

Jeffreys (1863, p. 237) states (Another species, the Ve¬ 
nus orbiculata of Montagu, said to have been found 
by Easkey at Dunbar, is also spurious. It is the Lucina 
squamosa of Eamarck, and West Indian} 

Neotype in Field Museum, Chicago, FMNH 339457 
selected by Taylor et al. (2013). 

ovalis My a Montagu, 1803. (Fig. 50) 

Unio tumidus (Retzius, 1788) [Unionoidea, Unionidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 34-36 and Part 
2 p. 563-564. not figured 

EXEMSMoll4029, Syntype Ish 

pallidus Turbo Montagu, 1803. (Fig. 51) 
nomen dubium 

Montagu G 1803. Test. Brit. Part 2. p. 325-326, not 
figured. 

Salcombe Bay. 

NHMUK 1998068, Ish. Status uncertain. 

Jeffreys (1867, p. 126) writes “But the specimen now 
in the British Museum, which has the name "pallidus" 
in Montagu’s handwriting affixed to the undersides of 
the tablet, is a broken and worn Rissoa parva var. in- 
terrupta. It is unfortunately to be probable that when 
Eeach rearranged this part of the collection, sufficient 
care was not taken to preserve the identical specimens 
which had belonged to the first-named excellent zool¬ 
ogist, and that in the present case the type may be lost, 
and replaced by the wretched substitute now on the 
museum tablet” 

The shell now associated with the assumed type lot is 
not Rissoa parva but Ondina divisa (J. Adams, 1797) 
= Turbo insculptus Montagu, 1808 (Serge Gofas pers 
comm). The box does bear a label in Montagu’s hand 
“palidus” but the remainder of the information is of 
more recent origin. The shell itself was attached to a 
narrow piece of black shiny paper, a format that is not 
associated with the original or subsequent mounting 
of the Montagu collection by Eeach or Gray. If this is 
the lot that Jeffreys saw then the Rissoa shell has itself 
been replaced. The uncertain provenance indicates that 
this shell should not be regarded as the type of Turbo 
pallidus or indeed Turbo insculptus. 

paphia Venus Montagu, 1803. (Fig. 52) 

Clausinella fasciata (da Costa, 1778) [Veneroidea, 
Veneridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 110- 111, not 
figured. 
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Figures 48-52.48. Turbo nivosus Montagu, 1803 [Jordaniella nivosa (Montagu, 1803)] 48.1 Base of box label, probably by Chaster 
but indicates provenance of Montagu Coll. 48.2 Apertural and abapertural views of unique syntype, NHMUK 1998049. 48.3 SEM 
of abapertural view of above, NHMUK 1998049. 49. Bulla obtusa Montagu, 1803 [Retusa obtusa (Montagu, 1803)] 49.1 “Row- 
ley” box containing 15 syntypes EXEMS Moll4073-87. 49.2 Montagu hexagonal blue card with 6 sh. attached. 49.3 Apertural and 
abapertural views of syntype EXEMS Moll4074. 49.4 Apertural and abapertural views of syntype EXEMS Moll4073. 50. Mya 
ovalis Montagu, 1803 [Unio tumidus (Retzius, 1788)] 50.1 Exterior of right valve with registration disc attached to unique syntype 
EXEMS Moll4029. 50.2 Interior views of right and left valves of unique syntype EXEMS Moll4029. 51. Turbo pailidus Montagu, 
1803 [nomen dubium] 51.1 Base of box label with original Montagu label “palidus” affixed. 51.2 Apertural and abapertural views of 
associated shell, is Ondina NHMUK 1998068. 51.3 SEM of abapertural view of above, NHMUK 1998068. 52. Venuspaphia 
Montagu, 1803 [Clausinella fasciata (da Costa, 1778)] 52.1 Extract from register indicating identity as Venus paphia. 52.2 “Row- 
ley” box containing 6sh. + Iv all syntypes, EXEMS Moll3841-6. 52.3 Exterior of right valve and interior of left valve of syntype 
EXEMS Moll 3841. 52.4 Exterior of left valve of syntype EXEMS Moll 3842. 
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Oliver, RG. et al.: Type specimens of Mollusca described by Col. George Montagu... 


Cornwall about Falmouth; Milton Sands Devon. 
EXEMS Moll3841, Syntypes, 6sh. + Iv. There are no 
original labels but the register entry does give the name 
''Venus paphid' under that of'Venusfasciatd' suggesting 
that these shells do represent Montagu’s species. 

pedata Doris Montagu, 1816. 

Flabellina pedata (Montagu, 1816) [Doridoidea, Do- 
rididae]. 

Montagu, 1816. Trans. Linn. Soc. Land. 11(2). p. 197- 
198, Tab. 14 fig. 1. 

Coast of Devon. 

No record of any non-shelled species being deposited. 

pennigera Doris Montagu, 1813. 

Thecacera pennigera (Montagu, 1813) [Doridoidea, 
Dorididae]. 

Montagu G 1813 Trans. Linn. Soc. Lond. 11(1). p. 
17-18, Tab 4 fig. 4. 

Coast of Devon. 

No record of any non-shelled species being deposited. 

perforans Montagu, 1803. (Fig. 53) 

Venerupis corrugata (Gmelin, 1791) [Veneroidea, 
Veneridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 127-128, Tab. 
3 fig. 6. 

Plymouth. 

EXEMS Moll3810-3811, Syntypes, 5 sh 

pervium Vermiculum Montagu, 1803. 

Caecum glabrum Montagu, 1803. [Truncatelloidea, 
Caecidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 518-519, not 
figured. 

Reculver. 

Not in RAMM or NHMUK. 

Not in Worms. Synonymy from Jefifeys, 1867, p. 79. 
(Montagu called it (from another of Walker’s figures, 
showing the centre whorl broken off) Vermiculum pervium] 

petraea Helix Montagu, 1803. 

Melarhaphe neritoides (Linnaeus, 1758) [Littori- 

NOIDEA, LiTTORINIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 403-404, not 
figured. 

Mouth of R. Aun (Avon) at Bantum (Bantham) in Dev¬ 
on; Swanage. 

Not in RAMM or NHMUK. 

pholadia My a Montagu, 1803. (Fig. 54) 

Rocellaria dubia (Pennant, 1777) [Gastro- 

CHAENOIDEA, GaSTROCHAENIDAE] . 

Montagu G 1803. Test. Brit. Part 7. p. 28-30 and Part 
2 p. 559-561, not figured. 

Weymouth, Torbay, Plymouth. 

EXEMS Moll3662-3666, Syntypes, 3sh.+ 2v.+lfrag. 


pinna Solen Montagu, 1803. 

Pandora pinna (Montagu, 1803) [Pandoroidea, Pan- 
doridae] 

Montagu G 1803. Test. Brit. Part 2. p. 566-567, Tab. 
15 fig. 3. 

Torcross. 

Not in RAMM or NHMUK. 

pinnatifida Doris Montagu, 1804. 

Doto pinnatifida (Montagu, 1804) [Cladobrachia, 
Dotidae]. 

Montagu, 1804. Trans. Linn. Soc. Lond. 7. p. 78 Tab. 
7 figs 2-3. 

Coast of Devon. 

No record of any non-shelled species being deposited 

plebeia Donax Montagu, 1803. 

Donacilla cornea (Poll, 1791) [Mactroidea, Me- 
sodesmatidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 107-108, Tab. 
5 fig 2. 

Weymouth (from Bryer). 

Not in RAMM or NHMUK. 

Although attributed to Montagu in WoRMS this name 
is first used by Pulteney (1799) as stated by Montagu. 

plicatus Mytilus Gmelin sensu Montagu, 1808. 

Saxicavella jejfreysi Winckworth, 1930 [Galeomma- 

TOIDEA, BaSTEROTIIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 70, not figured. 
Skye from Laskey. 

Not in RAMM or NHMUK. 

plicatus Turbo Montagu, 1803. 

Odostomia plicata (Montagu, 1803) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1803. Test. Brit. Parti, p. 325, not figured. 
Salcombe Bay. 

EXEMS M0II4354, not found. Not in NHMUK. 

plumula Bulla Montagu, 1803. 

Berthella plumula (Montagu, 1803) [Pleurobran- 

CHOIDEA, PlEUROBRANCHIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 214-215, Tab. 
15 fig. 9. 

Milton Sands in Devon. 

EXEMS Moll4042-3, Syntypes 2 sh 

These shells were attached to a Montagu blue card but 

then assigned to the Grant Bequest in error. 

NHMUK1998039, Syntypes 3sh 

praecisus Mytilus Montagu, 1803. (Fig. 56) 

Sphenia binghami Turton, 1822 [Myoidea, Myidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 165-166, Tab. 
4 fig. 2. 

Plymouth; Ilfracombe;Wales. 

EXEMS Moll4292 Syntypes 2sh 
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Figures 53-57. 53. Venus perforans Montagu, 1803 [Venerupis corrugata (Gmelin, 1791)] 53.1 Exterior of right valve with regis¬ 
tration disc for syntype EXEMS Moll3810. 53.2 Exterior and interior of left valve of syntype EXEMS Moll3810. 53.3 Interior of 
left valve and exterior of right valve of syntype EXEMS Moll3811. 54. My a pholadia Montagu, 1803 [Rocellaria dubia (Pennant, 
1777)] 54.1 Extract from register indicating identity as "'Mya pholadia'\ 54.2 Exterior of right valve and ventral gape of syntype 
EXEMS Moll3664. 54.3 Exterior and interior of left valve of syntype EXEMS Moll3665. 55. Bulla plumula Montagu, 1803 {Ber- 
thella plumula (Montagu, 1803)] 55.1 Green papered block with Montagu card attached. 55.2 Montagu hexagonal black card with 
2 syntypes EXEMS Moll4042-3. 55.3 External and internal views of syntype EXEMS Moll4042. 56. Mytilus praecisus Montagu, 
1803 [Sphenia binghami Turton, 1822] 56.1 Montagu label with shell attached and identified as lot 4292. 56.2 Internal views of right 
and left valves of unique syntype EXEMS Moll4249/l. 56.3 External view of left valve of unique syntype EXEMS Moll4249/l. 
57. Ligulaprismatica Montagu, 1808 {Abraprismatica (Montagu, 1808)] 57.1 Replacement box containing Montagu coll lot 3731- 
35. 57.2 Internal and external views of right and left valves of syntype EXEMS Moll3731. 
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prismatica Ligula Montagu, 1808. (Fig. 57) 

Abra prismatica (Montagu, 1808) [Tellinoidea, Se- 
melidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 23-24, Tab. 26 
fig. 3. 

Belton Sands near Dunbar (from Laskey); Portobello 
and Musselburgh (from Laskey and Boys). 

EXEMS Moll3731-5, Syntypes, 3sh + 2v 

proximus MurexMonXugu, 1808. (Fig. 58) 

Pleurotoma proxima (Montagu, 1808) [Conoidea, 
Turridae]. 

Montagu G1808. Suppl. Test. Brit. p. 118, Tab. 30 fig. 8. 
Tyningham Sands Dunbar (Laskey); Erroneus. 

Jeffreys (1867, p. 381) stated [P. proximum {Murex 
proximus, Mont.) is West-Indian. Laskey pretended to 
have found it on Tyningham sands near Dunbar. The 
specimen in the British Museum marked ‘proximus 
Montagu’, however, is a worn P. nebula, and quite un¬ 
like the description and figure given by then author}. 
This latter shell is NHMUK 1998043 and is figured here. 
It should not be considered the type of M. proximus. 

pullastra Venus Montagu, 1803. (Fig. 59) 

Venerupis corrugata (Gmelin, 1791) [Veneroidea, 
Veneridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 125-127, not 
figured. 

Coast of Devon. 

EXEMS Moll3804^9, Syntypes, 7sh 

punctura Turbo Montagu, 1803. (Fig. 60) 

Alvania punctura (Montagu, 1803) [Rissooidea, Ris- 
soidae]. 

Montagu G1803. Test. Brit. Part 2. p. 320, Tab. 12 fig. 5. 
Whitsand Bay, Cornwall; Salcombe Bay in Devon. 
EXEMS Moll4222, Syntypes 3sh. on blue card, 1 sh 
loose, 1 scar on card. 

Reported as 4 syntypes in Waren (1996). 

purpurea My a Montagu, 1808. 

Turtonia minuta (Fabricius, 1780) [Veneroidea, 
Veneridae]. 

Montagu G 1803. Test. Brit. Part 2. p. 21, not figured. 
Devon coast. 

Not in RAMM or NHMUK. 

purpureus Murex Montagu, 1803. (Fig. 61) 

Raphitoma purpurea (Montagu, 1803) [Conoidea, 
Raphitomidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 260-261, Tab. 
9 fig. 3. 

Salcombe Bay. 

EXEMS Moll4258, Paralectotypes (Fig. 61.3) 2 sh. 
loose, octagonal blue card with 2 scars, seen by Dean 
(1936) and Brind (1979). Borrowed by A. Waren, no 
designations made by him. 


NHMUK 1995089/1-3, Lectotype (Fig 61 2) and 
paralectotypes selected by Rolan et al. (1998). 

quadricornis Doris Montagu, 1813. 

Okenia aspera (Alder & Hancock, 1845) [Doridoidea, 
Dorididae]. 

Montagu G 1813. Trans. Linn. Soc. Land. 11(1) p. 17, 
Tab. 4 fig. 5. 

Coast of Devon. 

No record of any non-shelled species being deposited. 
Montagu’s name has been placed on the offical list of 
rejected names. Bull. Zool. Nom. Opinion 1014. 

quadrifasciatus Turbo Montagu, 1803. (Fig. 62) 

Lacuna vincta (Montagu, 1803) [Littorinoidea, Lit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 328-329, not 
figured. 

Falmouth; Salcombe Bay. 

EXEMS Moll4188, Syntypes, 5sh. on blue card. 
Although regarded as a synonym of L. vincta Montagu 
likens it to Cochlea parva da Costa, which is Lacuna 
parva (da Costa). The thickness of these shells is atyp¬ 
ical making their identity uncertain. 

radula Tellina Montagu, 1803. (Fig. 63) 

Lucinoma borealis (Linnaeus, 1767) [Lucinoidea, 
Lucinidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 68-69, Tab. 2 
figs 1-2 and Part 2 p. 567-568. 

South Devon; Falmouth; Laughame in Carmarthen¬ 
shire. 

EXEMS Moll3903-3904, Syntypes 2 sh 

reflexa Venus Montugu, 1808. 

Venus casina Linnaeus, 1758 [Veneroidea, Veneri¬ 
dae]. 

Montagu G 1808. Suppl. Test. Brit. p. 40^1 and p. 
168, not figured. 

Off Isle of May, Firth of Forth (Laskey); South Devon. 
Not in RAMM or NHMUK. 

reticulatus Turbo Adams, 1797 sensu Montagu, 1803. 
Alvania beani (Hanley in Thorpe, 1844) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 322-323, not 
figured. 

From Boys no locality given. 

Not in RAMM but seen by Jeffreys (1879, p.3) (“Z 
reticulatus'’'’ R. punctura). Not in NHMUK. 

retiformis Turbo Montagu, 1803. 

Alvania punctura (Montagu, 1803) [Rissooidea, Ris¬ 
soidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 330, not figured. 
Sandwich (Walker). 

Not in RAMM or NHMUK. 
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Figures 58-62. 58. Murexpwximus Montagu, 1808 \Pleurotomaproxima (Montagu, 1808)] 58.1 Old NHMUK block with reverse 
text of {Mus. Montagu | Murex proximus Mont | ‘the specimen in the British Museum marked ‘Mus Montagu’ however, is a worn 
P. nebula” Jeffreys Brit.Conch. iv. p.387}. 58.2 Apertural and apertural views of shell attached to block and registered as NHMUK 
1998043 is Bela nebula (Montagu, 1803) but is not a syntype of M proximus or M nebula. 59. Venus pullastra Montagu, 1803 
[Venerupis corrugata (Gmelin, 1791)] 59.1 Exterior of right valve of syntype EXEMS Moll3804 with original Montagu label 
{Pullastra} affixQd. 59.2 Interior of right valve and exterior of left valve of syntype EXEMS Moll3804 59.3 Syntype series EXEMS 
Moll3804-9. 60. Turbopunctura Montagu, 1803 [Alvaniapunctura (Montagu, 1803)] 60.1 Montagu hexagonal blue card with 3 sh. 
and empty scars; syntypes EXEMS Moll4222b-d. 60.2 Abapertural and apertural views of syntype EXEMS Moll4222a. 60.3 SEM 
of apertural view of EXEMS Moll4222a. 61. Murex purpureus Montagu, 1803 [Raphitoma purpurea (Montagu, 1803)] 61.1 Old 
NHMUK labels indicating provenance of Montagu Coll. 61.2 Abapertural and apertural views of lectotype NHMUK 1995089/1. 
61.3 Montagu blue hexagonal card with 2 paralectotypes EXEMS Moll4258. 62. Turbo quadrifasciatus Montagu, 1803 [Lacuna 
vincta (Montagu, 1803)] 62.1 “Rowley” box containing Montagu card. 62.2 Montagu blue card with label and 5 sh. attached, EX¬ 
EMS Moll4188a-e. 62.3 Apertural and abapertural views of syntype EXEMS Moll4188a. 
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Figures 63-67. 63. Tellina radula Montagu, 1803 [Lucinoma borealis (Linnaeus, 1767)] 63.1 Internal and external views of right 
and left valves of syntype EXEMS Moll3904. 64. Tellina rotundata Montagu, 1803 [Diplodonta rotundata (Montagu, 1803)] 

64.1 External and internal view of right valve, syntype EXEMS Moll3905. 64.2 External and internal view of left valve, syntype 
EXEMS Moll3906. 65. Turbo ruber J. Adams, 1797 sensu Montagu, 1803 [Barleeia unifasciata (Montagu, 1803)] 65.1 Montagu 
hexagonal black card with label and 3sh., syntypes EXEMS Moll4214a-c. 65.2 Apertural and abapertural views of syntype EXEMS 
Moll4214a. 66. Cardium rubrum Montagu, 1803 [Lasaea rubra (Montagu, 1803)] 66.1 Montagu hexagonal blue card with 2sh +lv, 
syntypes EXEMS Moll3918-20. 66.2 Internal view of left valve syntype with brooded juvenile shells retained EXEMS Moll3920. 
66.3 External view of left valve syntype EXEMS Moll3920. 67. Murex rufus Montagu, 1803 [Propebela rufus (Montagu, 1803)] 

67.1 “Rowley” box label for lot 4252. 67.2 Montagu blue card with Ish. and 1 empty scar. 67.3 Apertural and abapertural views of 
unique syntype EXEMS Moll4252. 
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rostrata Area Montagu, 1808. 

Lembulus montagui (Gray, 1825) [Nuculanoidea, 
Nuculanidae], 

Montagu G 1808. Suppl. Test. Brit. p. 55-56, Tab. 27 
fig. 7. 

St Abbs Head (from Laskey); Erroneus is West African. 
Not in RAMM or NHMUK. 

rotundata 7e//z>2(3! Montagu, 1803. (Fig. 64) 

Diplodonta rotundata (Montagu, 1803) [Unguli- 

NOIDEA, UnGULINIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 71-72, Tab. 2 
fig. 3. 

Poole Harbour. 

EXEMS Moll3905-7, Syntypes 3v 

ruber TwrZzo Adams, 1797 sensu Montagu, 1803. (Fig. 65) 
Barleeia unifasciata (Montagu, 1803) [Rissooidea, 
Barleeidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 320-321, not 
figured. 

Whitsand Bay in Cornwall. 

EXEMS Moll4214, Syntypes 3sh on blue card. 
Jeffreys (1867, p.58) stated [Turbo ruber of Adams 
(from the Pembrokeshire coast) appears to have been 
derived from a reddish specimen of Rissoa parva var. 
interrupta] From the figures in Adams (1797) it would 
seem impossible to confirm this statement or indeed 
what species is actually represented by such a curt de¬ 
scription and inadequate figure. 

raZzm Donax Montagu, 1808. 

? Coralliophaga lithophagella (Lamaxck, 1819) [Arc- 

TICOIDEA, TrAPEZIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 38, not figured. 
No locality given. 

Not in RAMM or NHMUK. 

The suggested identity of this taxon is from Jeffreys 
(1863, p. 264). 

rubrum Cardium Montagu, 1803. (Fig. 66) 

Lasaea rubra (Montagu, 1803) [Galeommatoidea, 
Fasaeidae]. 

Montagu G1803. Test. Brit. Part 1. p. 83-84, not figured. 
Falmouth; Kingsbridge. 

EXEMS Moll3918-20, Syntypes 2sh +lv The inte¬ 
rior of the figured valve shows retained brooded post 
larval shells. 

rufa Nerita Montagu, 1808. 

Euspira montagui (Forbes, 1838) [Naticoidea, Nati- 
cidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 150-152 Tab. 
30 fig. 3. 

Dunbar (Faskey). 

Not in RAMM or NHMUK. 


rufescens Helix Montagu, 1803. 

Trochulus hispidus (Finnaeus, 1758) [Helicoidea, 
Hygromiidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 420-422, not 
figured. 

England. 

EXEMS M0II4474, not found but seen by Jeffreys 
(1879, p.2) {""Helix rufescens, hispid” H. hispida, F.}. 
Not in NHMUK. 

rufus Murex Montagu, 1803. (Fig. 67) 

Propebela rufus (Montagu, 1803) [Conoidea, 
Mangeliidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 263-264, not 
figured. 

Sandwich; Biddeford Bay; Wales; Devon; Dorset. 
EXEMS Moll4252, Syntype Ish. on blue card, 1 
empty scar. 

semicostatus Turbo Montagu, 1803. (Fig. 68) 

Onoba semicostata (Montagu, 1803) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 326-327, not 
figured. 

South coast of Devon. 

EXEMS Moll4448, not found but seen by Jeffreys 
(1879, p.3) {""Turbo semicostatus'' Rissoa striata Ad¬ 
ams; young} 

NHMUK 20170013, Syntypes, 2sh 

semistriatus Turbo Montagu, 1808. (Fig. 69) 

Crisilla semistriata (Montagu, 1808) [Rissooidea, 
Rissoidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 136-137, not 
figured. 

Coast of south Devon. 

EXEMS M0II4452, not found. 

NHMUK 20170012, Syntypes 3 whole shells, 3 bro¬ 
ken. 

On the reverse of the mounting block is an old label ""T. 
interruptus". This refers to Turbo interruptus Adams, 
1800 now a synonym of Rissoa parva. This shell is 
smooth unlike the shells present, which do conform to 
the original description of T. semistriatus. 

septangularis Murex Montagu, 1803. (Fig. 70) 

Haedropleura septangularis (Montagu, 1803) 
[CONOIDEA, HoRAICLAVIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 268-269, Tab. 
9 fig. 5. 

Falmouth and Salcombe Bay. 

EXEMS Moll4251, Lectotype, Ish. on blue card, se¬ 
lected by Bernasconi and Robba (1984). 

NHMUK 1998051, Paralectotypes 5sh., not cited by 
Bernasconi and Robba (1984). 
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Figures 68-72. 68. Ti/r^o semicostatus Montagu, 1803 \Onoba semicostatus (Montagu, 1803)] 68.1 Old NHMUK labels. 68.2 Ap- 
ertural (SEM) and abapertural views of larger syntype NHMUK 20170013/1. 68.3 Apertural (SEM) view of smaller syntype 
NHMUK 20170013/2. 69. Turbo semistriatus Montagu, 1808 [Crisilla semistriata (Montagu, 1808)] 69.1 Old NHMUK mounting 
block, front label reads Turbo semistriatus while on reverse is an affixed label for T interruptus. 69.2 Apertural and apertural views 
of syntype NHMUK 20170012/1. 69.3 SEM of apertural view of syntype NHMUK 20170012/1. 70. Murex septangularisMonXdigxx, 
1803 [Haedropleura septangularis (Montagu, 1803)] 70.1 “Rowley” box containing Montagu card. 70.2 Montagu blue card with 
single shell and original label EXEMS Moll4251. 70.3 Apertural and abapertural views of lectotype EXEMS Moll4251. 71. Murex 
sinuosus Murex, 1803 [Drillia sinuosa (Montagu, 1803)] 70.1 Old NHMUK mounting with 1 sh. attached. Reverse reads {P. sinu- 
osum Gray | Murex sinuosum Mont | PI. striata Kiener 1.14. f 2 ? Reeve C. Ic 1.17. f 144 | Africa | Weymouth Bryer Mus Montagu}. 
70.2 Abapertural and apertural view of unique syntype NHMUK 20170014. 72. Turbo spiralis Montagu, 1803 [Spiralinella spiralis 
(Montagu, 1803)] 72.1 Montagu hexagonal blue card with 3 sh. attached EXEMS Moll4240a-c. 72.2 Apertural (SEM) and abaper¬ 
tural vies of syntype EXEMS Moll4240a. 
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septemvalvis Chiton Montagu, 1803. 

Callochiton septemvalvis (Montagu, 1803) [Chi- 

TONOIDEA, CALLOCfflTONIDAE], 

Montagu G 1803. Test. Brit. Part 1. p. 3, not figured. 
Salcombe Bay. 

Not in RAMM or NHMUK. 

serpuloides Helix Montagu, 1808. 

Skenea serpuloides (Montagu, 1808) [Trochoidea, 
Skeneidae]. 

Montagu G1808. Suppl. Test. Brit. p. 147, Tab. 21 fig. 3. 
Devon coast. 

Not in RAMM or NHMUK. 

sexdentatus Turbo Montagu, 1803. 

Vertigo antivertigo (Draparnaud, 1801) [Pupilloidea, 
Vertiginidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 337-338, Tab. 
12 fig. 8. 

Cornwall; Devon; Lackham in Wiltshire. 

EXEMS Moll4129 and Moll4516, not found. Not in 
NHMUK. 

simillimus Turbo Montagu, 1803. 

Pyrgiscus rufus (Philippi, 1836) [Pyramidelloidea, 
P yramidellidae] . 

Montagu G 1803. Test. Brit. Part 2. p. 136, not figured. 
Jura from Easkey. 

Not in RAMM or NHMUK. 

Not in Worms, synonymy from Jeffreys (1867, p. 164). 

sinuosus MurexMontdigu, 1803. (Fig. 71) 

Drillia sinuosa (Montagu, 1803) [Conoidea, Drill- 
id ae]. 

Montagu G 1803. Test. Brit. Part 1. p. 264-265 Tab. 
9 fig. 8. 

Weymouth (from Bryer); erroneous St Helena? 
NHMUK 20170014, Syntype Ish 
The reverse label reads 
P. sinuosum Gray 
Murex sinuosus Mont 

PI. striata ? Kiener t.l4, f 2 ? Reeve C.Ic.t ?? f 144 
Africa 

Weymouth Bryer Mus Mont. 

The shell figured by Brown (1844, pl.V fig. 40) is a 
likeness and the locality data is identical but Brown 
attributes the name to himself, not Montagu. 

Smith (1890) likens his Pleurotoma (Clavus) amanda, 
from St Helena, to this species. 

spinifera Venus Montdigu, 1803. 

Myrtea spinifera (Montagu, 1803) [Eucinoidea, Eu- 
cinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 577-579, not 
figured. 

Salcombe Bay. 

Not in RAMM or NHMUK. 


spiralis Turbo Montagu 1803. (Fig. 72) 

Spiralinella spiralis (Montagu, 1803) [Pyramidelloi¬ 
dea, Pyramidellidae]. 

Montagu G1803. Test. Brit. Part 2. p. 323-324, Tab. 12 
fig. 9. 

Salcombe Bay. 

EXEMS Mo114240, Syntypes, 3sh. on blue card. Not¬ 
ed as syntypes under Chrysallida spiralis by Waren 
(1991). 

NHMUK 1998041 and NHMUK 2004051 Syntypes 

2sh. + 3sh. 

squamosus Solen Montagu, 1803. 

Lepton squamosum (Montagu, 1803) [Galeomma- 
TOIDEA, EePTONIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 565-566, not 
figured. 

Salcombe Bay. 

Not in RAMM or NHMUK. 

striata My a Monidigu, 1816. (Fig. 73) 

Lyonsia norwegica (Gmelin, 1791) [Pandoroidea, 
Eyonsiidae]. 

Montagu G 1816 Trans. Linn. Soc. Land. 11, p. 188 
Tab. 13 fig. lA. 

Tenby (from Eyons). 

EXEMS Moll3702, Syntype Ish 

striatulus Turbo Montagu 1803. (Fig. 74) 

Alvania carinata (da Costa, 1778) [Rissooidea, Ris- 
soidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 306-307 Tab. 
10 fig. 5. 

Falmouth Harbour. 

EXEMS Moll4216, Syntypes, 2sh 

striatus Mytilus Montagu, 1803. 

nomen dubium ?fry of Modiolus spp. [Mytiloidea, 
Mytilidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 15, figure in 
Walker (1784, fig. 75). 

Reculver; Sandwich. 

Not in RAMM or NHMUK. 

striatus ThrZjo Adams, 1797 sensu Montagu, 1803. (Fig. 75) 
Onoba semicostata (Montagu, 1803) [Rissooidea, 
Rissoidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 312-313, not 
figured. 

Plymouth; Devon; Cornwall; Pembrokeshire. 

EXEMS Moll4219, Syntypes, 5 sh. on octagonal blue 
card. 

EXEMS Moll4220, Syntype, 1 sh. on octagonal blue 
card with 4 scars. 

Reported as “presumably losf ’ by Waren (1996). Ponder 
selected a lectotype in 1986 but this was never published. 
Turbo striatus of Adams, 1797 is a junior primary 
homonym of Turbo striatus Da Costa, 1778 
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British Museum (Natural History) 
Venus subcortiata Montagu, 1802 
Loc: British Coast 
1 valve 

Montagu Collection 
Reg.No. 1998034 


2 mm 




Figures 73-77. 73. Mya striata Montagu, 1816 [Lyonsia norvegica (Gmelin, 1791)] 73.1 Exterior and interior views of right and left 
valves of syntype EXEMS Moll3702. 74. Turbo striatulus Turbo Montagu, 1803 \Alvania carinata (da Costa, 1778)] 74.1 “Rowley”- 
box containing Montagu card. 74.2 Montagu hexagonal blue card with 2 sh. attached, syntypes, EXEMS Moll4216a-b. 74.3 Apertural 
and abapertural views of syntype EXEMS Moll4216a. 75. Turbo striatus Admns, 1797 sensu Montagu, 1803 [Onoba semicostata 
(Montagu, 1803)] 75.1 Montagu hexagonal blue card with label and 5 shells, all syntypes EXEMS Moll4219a-e. 75.2 Apertural 
(SEM) and abapertural views of syntype EXEMS Moll4219a 75.3 Montagu hexagonal black card with original label and Ish attached 
and 3 empty scars EXEMS Moll4220. 75.4 Apertural view of syntype EXEMS Moll4220. 76. Helix subcarinata Montagu, 1803 
[Tornus subcarinatus (Montagu, 1803)] 76.1 Montagu hexagonal black card with 4sh., syntypes EXEMS Moll4314a-d. 76.2 Eateral 
view of syntype EXEMS Moll4314a. 76.3 SEMs of apical and basal views of syntype EXEMS Moll4314a. 77. Venus subcordata 
Montagu, 1803 [Venus verrucosa Einnaeus, 1758] 77.1 Old NHMUK mounting block with single valve attached. 77.2 Exterior and 
interior of unique left valve, ventral and posterior areas damaged, unique syntype NHMUK 1998034. 
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subauriculatus Pecten Montagu 1808. 

Limatula subauriculata (Montagu, 1808) [Limoidea, 
Limidae], 

Montagu G 1808. Suppl. Test. Brit. p. 63, Tab. 29 fig. 2. 
Trawled off coast of Devon. 

Not in RAMM but seen by Jeffreys (1879, p.2) 
{''Pecten subauriculata'' is represented by two spec¬ 
imens thus named, but in separate boxes. The small¬ 
er specimen agrees with Montagu’s description and 
figure and is a quarter of an inch long. The larger 
specimen is marked “Zetland, Mr Fleming” this is 
Lima elliptica, Jeffreys and is half-an-inch long}. 
Not in NHMUK 

subcarinata Helix Montagu, 1803. (Fig. 76) 

Tornus subcarinatus (Montagu, 1803) [Truncatel- 
LOIDEA, ToRNIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 438-439, Tab. 
7 fig. 9. 

Salcombe Bay, Bigberry Bay and Milton Sands; Kent 
from Lyons. 

EXEMS Moll4314, Syntypes, 4 sh. on blue octagonal 
card. 

subcordata Venus Montagu, 1803. (Fig. 77) 

Venus verrucosa Linnaeus, 1758 [Veneroidea, Vene- 
ridae]. 

Montagu G 1803. Test. Brit. Part 1. p. 121-122, Tab. 
3 fig. 1. 

Falmouth Harbour, Montagu doubted it as British. 
NHMUK 1998034, Syntype Iv 
Jeffreys (1863, p. 341) stated (and in its younger state (V 
verrucosa) it is probably the V. subcordata of Montagu}. 

suborbicularis My a Montagu, 1803. (Fig. 78) 

Kellia suborbicularis (Montagu, 1803) [Galeomma- 

TOIDEA, KeLLIIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 39, not figured. 
Plymouth, Salcombe Bay. 

EXEMS Moll3908-17, Syntypes, llsh 

subrhomboidea Venus Montagu, 1808. 

Petricola lithophaga (Retzius, 1788) [Veneroidea, 
Petricolidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 48^9, Tab. 29 
fig. 6. 

St Abbs Head (from Laskey); Erroneous is Lusitanian 

or Mediterranean 

Not in RAMM or NHMUK. 

Not in Worms. Synonymy from Jeffreys (1863). 

substriata Ligula Montagu, 1808. 

Montacuta substriata (Montagu, 1808) [Galeomma- 

TOIDEA, MoNTACUTIDAE]. 

Montagu G 1808. Suppl. Test. Brit. p. 25, not figured. 
Deep dredging off Devon coast. 

Not in RAMM or NHMUK. 


substriata Venus Montagu, 1808. 

Lajonkairia substriata (Montagu, 1808) [Veneroi¬ 
dea, Petricolidae]. 

Montagu G 1808. Suppl. Test. Brit. p. 48^9, Tab. 29 
fig. 6. 

Isle of May, Firth of Forth (Laskey); erroneous is West 
African. 

Not in RAMM or NHMUK. 

subtruncatus Turbo Montagu, 1803. 

Truncatella subcylindrica (Linnaeus, 1767) [Trun- 
catelloidea, Truncatellidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 300, Tab. 10 
fig 1. 

Southampton; Salcombe. 

Not in RAMM or NHMUK. 

subulatus Murex Montagu, 1808. 

Cerithiopsis subulata (Montagu, 1808) [Tripho- 

ROIDEA, CeRITHIOPSIDAE]. 

Montagu G1808. Suppl. Test. Brit. p. 115, Tab. 30 fig. 6. 
Scalasdale, Sound of Mull (from Laskey); Erroneus is 
Caribbean. 

Not in RAMM or NHMUK. 

Jeffreys (1867 p. 264) [C. subulatum {Murex subula¬ 
tus Mont.) must be consigned to the same limbo. Eas- 
key is reported to have found it at Scalasdale in the 
sound of Mull!}. 

subumbilicatus Turbo Montagu, 1803. 

Peringia ulvae (Pennant, 1777) [Truncatelloidea, 
Hydrobiidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 316-317, not 
figured. 

Weymouth from Bryer. 

EXEMS M0II4454, seen by Jeffreys (1879, p.3) {"Tur¬ 
bo subumbilicatus" Hydrobia ulvae. Pennant, var. or 
male} but not found. Not in NHMUK. 

sulcata Venus Montagu, 1803. 

Astarte castanea (Say, 1822) [Crassatelloidea, As- 
tartidae]. 

Montagu G 1803 Test. Brit. Part 1. p.l31, not figured. 
Not in RAMM or NHMUK. 

Not in Worms. Jeffreys (1863, p. 320) stated {A. cas¬ 
tanea of Say, a North-American shell, has been called 
British without any sufficient reason. It is the Venus 
sulcata of Montagu, as well as of Maton and Racket!. 
Mr J. Sowerby gave a specimen as “English” to the 
former (Montagu)}. 

tenebrosus Turbo Montagu 1803. (Fig. 79) 

Littorina saxatilis (Poli, 1792) [Eittorinoidea, Eit- 
torinidae]. 

Montagu G1803. Test Brit Part 2 p. 303-304, not figured. 
EXEMS M0II42OO, Paralectotype, 1 sh loose, card 
lacking blue layer. Register indicates 2 shells present. 
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GLOBULAR KELLIA, 
KELLIA SUBORBICULASIS 

(Montagu) 
Britain, 
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(Montagu Collection) 
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Figures 78-82. 78. Mya suborbicularis Montagu, 1803 \KeIlia suborbicularis (Montagu, 1803)] 78.1 “Rowley” box containing 
llsh., all syntypes EXEMS Moll3908-17. 78.2 Exterior and interior of right valve and interior of left valve of syntype EXEMS 
Moll3908. 79. Turbo tenebrosus Montagu, 1803 [Littorina saxatilis (Poll, 1792)] 79.1 Old NHMUK labels indicating provenance of 
Montagu Coll. 79.2 Apertural and abapertural views of lectotype NHMUK 1989177/1. 79.3 Old label and register entry for lots EX¬ 
EMS Mo114198 and 4200. 79.4 Apertural views of paralectotypes EXEMS Moll4198/1 and EXEMS Moll4200/1. 80. Mactra tenuis 
Montagu, 1803 [Abra tenuis (Montagu, 1803)] 80.1 “Rowley” box containing a Montagu card. 80.2 Interior of left (broken) and right 
valves. 80.3 Exterior of left valve (broken). 81. Buccinum terrestre Montagu, 1803 [Ceciliodes acicula (Muller, 1774)] 81.1 Mon¬ 
tagu hexagonal blue card with 2sh. and 2 fragments, syntypes EXEMS Moll4151. 81.2 Abapertural and apertural views of syntype 
EXEMS Moll4151a. 81.3 SEM of apertural view of syntype EXEMS Moll4151a. 82. Turbo tessellatus Montagu, MSS [Littorina 
sp.] 82.1 Old NHMUK mounting block with Ish. attached. 82.2 Abapertural and apertural views of unique shell NHMUK 1998033. 
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Label reads “in cabinet without name” identification 
by RSK Barnes. 

EXEMS Moll4198, paralectotypes, 2 sh loose, Reg¬ 
ister indicates 4 shells were present. 

NHMUK 1989177/1, Lectotype Ish NHMUK 
1989177/2-15, Paralectotypes 14sh. 

All type selections were made by Reid (1996). 

tenuis Area yion\3ig\x, 1808. 

Ennucula tenuis (Montagu 1808) [Nuculoidea, Nu- 
culidae]. 

Montagu G 1808. ^uppl. Test. Brit. p. 56-57, Tab. 29 
fig. 1. 

Dunbar (from Laskey). 

Not in RAMM or NHMUK. 

tenuis Mactrayionidigu, 1803. (Fig. 80) 

Abra tenuis (} AoVi \ 2igVi , 1803) [Tellinoidea, Semelidae]. 
Montagu G 1803. Test. Brit. Part 1. p. 572, not figured. 
Southampton, Weymouth (Bryer). 

EXEMS Moll3730, Syntypes, llv. +lrv. on card. 

tenuis Trochus Montagu, 1803. 

Calliostoma granulatum Bom, 1778) [Trochoidea, 
Calliostomatidae] . 

Montagu G 1803. Test. Brit. Part 1. p. 275-277 Tab. 
10 fig. 3. 

Poole and Weymouth from Pulteney. 

Not in RAMM or NHMUK. 

terrestre Buccinum Montagu, 1803. (Fig. 81) 

Cecilioides acicula (Muller, 1774) [Achatinoidea, 
Subulinidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 248-250, Tab. 
8 fig. 3. 

Faversham Creek; Barham Downs; Lackham in Wiltshire. 
EXEMS Moll4151, Syntypes, 2sh + 2 fragments on 
blue card. 

tessellatus Turbo Montagu, MSS. (Fig. 82) 

Littorina sp. [Littorinoidea, Littorinidae]. 

This taxon cannot be traced and may have been one of 
a number of unpublished names intended by Montagu 
before his untimely death. 

NHMUK 1998033, Ish. 

trachea Dentalium Montagu, 1803. 

Caecum trachea (Montagu, 1803) [Truncatelloidea, 
Caecidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 497, Tab. 14 
fig. 10. 

Milton Sands, Devonshire. 

Not in RAMM, not in NHMUK. 

triangularis Mactra Montagu, 1803. (Fig. 83) 

Goodallia triangularis (Montagu, 1803) [Crassatel- 

LOIDEA, AsTARTIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 99, Tab. 3 fig. 5. 


Falmouth Harbour; Devon. 

EXEMS Mo113858a, Syntype, Iv. with octagonal 
card with 2 scars. 

EXEMS Moll3853-3857, 9v. with Moll3858 are As- 
tarte montagui. 

triangularis Venus Montagu, 1803. (Fig. 84) 

Gouldia minima (Montagu, 1803) [Veneroida, Vene- 
ridae]. 

Montagu G 1803. Test. Brit. Parti, p. 577, not figured. 
EXEMS Mo113848, Syntypes, 2v. loose. 

NHMUK 1998077, Syntypes, 3v 

trochiformis Helix Montagu, 1803. 

Euconulus fulvus (Muller, 1774) [Gastrodontoidea, 
Euconulidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 427^28 Tab. 
11 fig. 9. 

By R. Avon; Eackham in Wiltshire. 

EXEMS Moll4313 & EXEMS Moll4493 not found. 
Not in NHMUK. 

truncata Mactra Montugu, 1808. (Fig. 85) 

Spisula solida (Einnaeus, 1758) [Mactroidea, Mac- 
tridae]. 

Montagu G 1808. Suppl. Test. Brit. p. 34, not figured. 
Firth of Forth. 

EXEMS Moll3776-77, 2 complete shells seen by 
Brind (1979) and regarded as types. 

EXEMS Moll3776 Syntype Ish., (38.0mm) is S. sol¬ 
ida and agrees with original description and fits with 
cited figure in Donovan, 1803, pi. 126. 

EXEMS M0II3777, Ish., (17.6mm) is S. subtruncata 
and does not fit original description of M. truncata. 

truncatus Turbo Montagu, 1803. (Fig. 86) 

Truncatella subcylindrica (Einnaeus, 1767) [Trun¬ 
catelloidea, Truncatellidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 300-301 Tab. 
10 fig. 7. 

Southapton; Plymouth; Weymouth. 

EXEMS M0II4225, Syntypes 3 sh. on blue card with 
2 scars. 

tubercularis Murex Montagu 1803. (Fig. 87) 

Cerithiopsis tubercularis (Montagu, 1803) [Tripho- 

ROIDEA, CeRITHIOPSIDAE]. 

Montagu G 1803. Test. Brit. Part 1. p. 270-271, not 
figured. 

Mouth of the Aun (Avon) in Devonshire; Sandwich 
(from Boys). 

EXEMS M0II4235, Ish. in capsule + Ish on card, seen 
by Dean (1936) and Brind (1979). 

EXEMS M0II4235/, Lectotype (white shell in cap¬ 
sule) 1, and EXEMS Moll4235/2, Paralectotype, se¬ 
lected by Marshall (1978). 

Proposed setting aside of above lectotype. Cecalupo 
and Robba (2011). 
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rianguiarls 


Tfuncatus 


EXEMS Moll3858a 


EXEMS Moll3848b 


EXEMS M 0 II 3777 











Figures 83-87. 83 Mactra triangularis Montagu, 1803 \Goodallia triangularis (Montagu, 1803)] 83.1 Extract from register indi¬ 
cating lot 3858a. 83.2 Wooden plinth with Montagu hexagonal blue card and Iv. EXEMS Moll3858. 83.3 Interior and exterior of 
unique left valve, syntype EXEMS Moll3858a. 84. Venus triangularis Montagu, 1803 [Gouldia minima (Montagu, 1803)] 84.1 Ex¬ 
terior and interior of left valve EXEMS Moll3848a. 84.2 Exterior of smaller left valve EXEMS Moll3848b. 85. Mactra truncata 
Montagu, 1808 [Spisula solida (Einnaeus, 1758)] 85.1 Exterior and interior of syntype EXEMS Moll3776. 85.2 Hinge of left valve 
EXEMS Moll3776. 85.3 Interior and exterior of shell EXEMS Moll3777, is Spisula subtruncata. 85.4 Hinge of left valve of shell 
EXEMS M0II3777. 86. Turbo truncatus Montagu, 1803 [Truncatella subcylindrica (Einnaeus, 1767)] 86.1 Montagu hexagonal 
blue card with 3sh. attached, syntypes EXEMS Moll4225a-c. 86.2 Abapertural and apertural (SEM) views of syntype EXEMS Mol- 
14225a. 87. Murex tubercularis Montagu, 1803 [Cerithiopsis tubercularis (Montagu, 1803)] 87.1 Montagu hexagonal blue card with 
original label and 2sh. attached. EXEMS Moll4235. 87.2 Abapertural and apertural (SEM) views of lectotype EXEMS Moll4253/l. 
87.3 Abapertural and apertural views of paralectotype EXEMS Moll4253/2. 
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Above proposal supported. Giannuzzi-Savelli and 
Pusateri (2011) 

Above proposal not supported. Prkic et al. (2012). 
Setting aside of lectotype supported but not selec¬ 
tion of a neotype. Bouchet and Marshall (2012). 
Selection of neotype not supported. Modica et al. (2013) 

tumidus Montagu, 1803. (Fig. 88) 

Gibbula tumida (Montagu, 1803) [Trochoidea, Tro- 
chidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 280-281, Tab. 
10 fig. 4. 

Salcombe Bay, Torcross, Wales, Weymouth (from Bryer). 
EXEMS Moll4175, Syntypes, 3 sh. loose, once on card. 
EXEMS Moll4176, Syntypes, 6sh. in capsule. 

turboformis Strombus Montagu, 1808. 

Cerithideopsis costatus (da Costa, 1778) [Cerithi- 
oidea, Potamididae]. 

Montagu G 1808. Suppl. Test. Brit. p. 110-111, Tab. 
30 fig. 7. 

Nuns Island, Iona, Scotland; Erroneus is West Indian. 
Not in RAMM or NHMUK. 

Jeffreys, 1867, p.264 stated (C. costatum {Strombi- 
formis costatus. Da Costa = Strombus turboformis, 
Montagu) should also be rejected as exotic; it is a com¬ 
mon West-Indian shell}. 

turricula Murexyionidigu, 1803. (Fig. 89) 

Propebela turricula (Montagu, 1803) [Conoidea, 
Mangeliidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 262-263, Tab. 
9 fig. 1. 

Sandwich from Boys; Biddeford Bay in Devon; 
Laugharne and Tenby in Wales. 

EXEMS Moll4250, Syntypes 3sh. on blue card, 1 
empty scar + 3sh. loose. Borrowed by Jon Ame Sneli 
but no designations published. 

NHMUK 1998040, Syntypes lOsh 

umbilicata Bulla Montagu, 1803. (Fig.99) 

Retusa umbilicata (Montagu, 1803) [Bulloidea, Re- 
tusidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 222-223, Tab. 
7 fig. 4. 

Falmouth Harbour. 

NHMUK1998038, Syntypes, 2sh. 

See ICZN Opinion 549 for retention of Montagu’s 
name over that of Roding (1798). 

umbilicata Helix Montagu, 1803. 

Pyramidula pusilla (Vallot, 1801) [Pupilloidea, 
Pyramidulidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 434^35 Tab. 
13 fig. 2. 

Tenby. 

EXEMS Moll4147 and EXEMS Moll4475 not found. 
Not in NHMUK. 


umbilicatus Trochus Montagu, 1803. (Fig. 90) 

Gibbula umbilicalis (da Costa, 1778) [Trochoidea, 
Trochidae]. 

Montagu G 1803. Test. Brit. Part 1. p. 286-287, not 
figured. 

No precise localities given. 

EXEMS Moll4178, Syntypes, 12 sh 

unicus Turbo Montagu, 1803. (Fig. 91) 

Graphis albida (Kanmacher, 1798) [Mathildoidea, 
Tofanellidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 299-300, Tab. 
12 fig. 2. 

None given. 

EXEMS Moll4232, Syntypes, 2 sh. on octagonal blue 
card, 1 empty scar. 

unidentatus Turbo Montagu, 1803. (Fig. 92) 

Odostomia unidentata (Montagu, 1803) [Pyramidel- 

LOIDEA, PyRAMIDELLIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 324-325, not 
figured. 

Salcombe Bay. 

EXEMS Moll4238, Syntype, Ish. on blue card, 1 
empty scar. 

unifasciatus Turbo Montagu, 1803. (Fig. 93) 

Barleeia unifasciata (Montagu, 1803) [Rissooidea, 
Barleeidae]. 

Montagu G1803. Test. Brit. Part 2. p. 327-328, not figured. 
Southampton, Burrow in Devon. 

EXEMS Moll4272, 4sh on blue card + 3 empty scars, 
seen by Jeffreys (1879) and regarded as syntypes by 
Dean (1936) and Brind (1979). 

These shells do not conform to the current concept of 
B. unifasciata but are Cingula trifasciata J. Adams, 
1800. Montagu, himself, likened his T. unifasciatus to 
T. trifasciatus but Forbes and Hanley (1851) and Jef¬ 
freys (1867) both place T. unifasciatus under T. ruber 
and T. trifasciatus under T. cingillus and this appears to 
be the basis of current nomenclature. However if these 
shells truly represent the concept of Montagu’s unifas¬ 
ciatus then the nomenclature of Barleeia must change. 
The priority given to Turbo ruber von Salis, 1793 while 
correct in nomenclature gives priority to a taxon of 
uncertain identity whereas Turbo ruber of Adams and 
Montagu is well defined and has a long history of use. 

ventrosus Turbo Montagu, 1803. (Fig. 94) 

Ecrobia ventrosa (Montagu, 1803) [Truncatel- 

LOIDEA, HyDROBIIDAE]. 

Montagu G 1803. Test. Brit. Part 2. p. 317-318, Tab. 
12 fig. 13. 

Folkestone; Sandwich. 

NHMUK 1978072 Lectotype, Ish and NHMUK 
1978073, Paralectotypes lOsh. selected by Bank et al. 
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Figures 88-92. 88. Trochus tumidus Montagu, 1803 \Gibbula tumida (Montagu, 1803)] 88.1 “Rowley” box with 9sh. in 2 lots EX- 
EMS Moll4175-6. 88.2 Abapertural, basal and apertural views of syntype EXEMS Moll4175a. 88.3 Apertural and abapertural views 
of syntype EXEMS Moll4176a. 89. Murex turricula Montagu, 1803 [Pwpebela turricula (Montagu, 1803)] 89.1 “Rowley” box 
containing a Montagu card with 3 sh. and 3sh. loose. 89.2 Montagu hexagonal blue card with 3 syntypes and original label. 89.3 Ap¬ 
ertural and abapertural views of syntype EXEMS Moll4250a. 90. Trochus umbilicatus Montagu, 1803 [Gibbula umbilicalis (da 
Costa, 1778)] 90.1 “Rowley” box label for lot 4178. 90.2 Syntype series of 12 sh. EXEMS Moll4178. 90.3 Apical, lateral and basal 
views of largest syntype EXEMS Moll4178a. 91. Turbo unicus Montagu, 1803 [Graphis albida (Kanmacher, 1798)] 91.1 Montagu 
hexagonal black card with 2sh. and 1 empty scar. 91.2 Apertural and abapertural (SEM) views of syntype EXEMS Moll4232a. 
92. Turbo unidentatus Montagu, 1803 [Odostomia unidentata (Montagu, 1803)] 92.1 Montagu hexagonal blue card with Ish. and 1 
empty scar. 92.2 Abapertural and apertural views of unique syntype EXEMS Moll4238. 
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Figures 93-98. 93. Turbo unifasciatus Montagu, 1803 \BarIeeia unifasciata (Montagu, 1803)] 93.1 Montagu hexagonal blue card 
with 4 sh. and 3 empty scars. 93.2 Apertural and abapertural view of EXEMS Moll4272a. These shells are all Cingula trifasciata 
J. Adams. 94. Turbo ventrosus Montagu, 1803 [Ecrobia ventrosa (Montagu, 1803)] 93.1 Eabel on base of NHMUK box indicating 
provenance. 93.2 Apertural and abapertural views of lectotype NHMUK 197872. 93.3 Apertural (SEM) and abapertural views of 
paralectotype NHMUK 197873/1. 95. Turbo vinctus Montagu, 1803 {Lacuna vincta (Montagu, 1803)] 95.1 Montagu hexagonal 
blue card with 3sh. and original label EXEMS Moll4187. 95.2 Abapertural and apertural views of syntype EXEMS Moll 4187a. 
96. Turbo vitreus Montagu, 1803 [Hyala vitrea (Montagu, 1803)] 96.1 Montagu hexagonal black card with 4sh. + 1 fragment at¬ 
tached, all syntypes EXEMS Moll4211a-e. 96.2 Abapertural and apertural views of syntype EXEMS Moll4215a. 97. Cypraea volu- 
ta Montagu, 1803 {Erato voluta (Montagu, 1803)] 97.1 Montagu hexagonal blue card with 3sh. and original label, syntypes EXEMS 
Moll4249a-c. 97.2 Apertural and abapertural views of syntype EXEMS Moll4249a. 98. Turbo zetlandicus Montagu, 1816 {Alvania 
zetlandica (Montagu, 1816)] 98.1 Montagu hexagonal blue card with 3 sh. and original label, syntypes EXEMS Moll4215a-c. 
98.2 Apertural (SEM) and abapertural views of syntype EXEMS Moll4215a 
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Figure 99. Bulla umbilicata Montagu, 1803 [Retusa umbilica- 
ta (Montagu, 1803)] 99.1/2 Top and bottom of box indicating 
type status but no original labels 99.3 Apertural view of larger 
syntype NHMUK1998038/1. 99.4 Abapertural view of smaller 
syntype NHMUKl 998038/2. 


(1979). The lectotype is broken and there are 10 not 12 
paralectotypes. 

vinctus Turbo Montagu, 1803. (Fig. 95) 

Lacuna vincta (Montagu, 1803) [Littorinoidea, Lit- 
torinidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 307-308, not 
figured. 

Salcombe Bay. 

EXEMS Moll4187, Syntypes, 2sh. on blue card + 1 
broken. 


viridis Laplysia Montagu, 1804. 

Elysia viridis (Montagu, 1804) [Plakobranchoidea, 
Plakobranchidae] . 

Montagu, 1804. Trans. Linn. Soc. Land. 7. p. 76-78, 
Tab. 7 fig. 1. 

Coast of Devon. 

No record of any non-shelled species being deposited. 

vitreus Turbo Montagu, 1803. (Fig. 96) 

Hyala vitrea (Montagu, 1803) [Truncatelloidea, 
Iravadiidae]. 

Montagu G 1803. Test. Brit. Part 2. p. 321-322, Tab. 
12 fig. 3. 

Whitsand Bay in Cornwall. 

EXEMS Moll4211, Syntypes, 4 sh. + 1 fragment. 
NHMUK 1998036, Syntypes, 2sh 

voluta Cypraea Montagu 1803. (Fig.97) 

Erato voluta (Montagu, 1803) [Velutinoidea, Trivi- 
idae]. 


Montagu G 1803. Test. Brit. Part 1. p. 203-204, Tab. 
6 fig. 7, 7. 

Salcombe. 

EXEMS Moll4249, Syntypes 3sh. from card, 8 sh. 
loose. 

Examined by Crawford Cate but no designations were 
published 

zetlandicus Turbo Montagu 1816. (Fig. 98) 

Alvania zetlandica (Montagu, 1816) [Rissooidea, Ris- 
soidae]. 

Montagu G 1816 Trans. Linn. Soc. Lond. 11, p. 194- 
195, Tab. 13 fig. 3. 

Shetland. 

EXEMS Moll4215, Syntypes 3 sh. on blue card. 
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Abstract 

Brachylicoa lui sp. n. is described from the coastal waters of the Hawaiian island of 0‘ahu. 
It is distinguished from the other four nominal members of Brachylicoa by a combination 
of characters including (1) an incised margin between base of rostrum and carapace, (2) 
mandible palp article-1 with cluster of 20-25 simple setae, (3) maxillule biarticulate palp 
ending in eight “cleaning’ setae, (4) maxilliped inner sub-distal margin with two stout 
spiniform seta, and (5) pereopod-6 with carpus having three plumose setae on mid-dorsal 
margin. Brachylicoa (=Apseudes) babelmandebensis sensu Gutu is tentatively transferred 
to the genus Saltipedis Gu(u sensu lato. Brachylicoa lui is the only member of the genus 
known from the mid-Pacific Region and the Northern Hemisphere; the other species of the 
genus are known from the western Pacific and Indian Ocean in the Southern Hemisphere. 
A key to separate the four nominal species of Brachylicoa species is presented. 


Introduction 

David and Heard (2015) summarized the information on 
the Tanaidacea previously described or reported from 
the Hawaiian Archipelago. They listed twelve specific 
taxa, which included a new apseudomorphan, Crypt- 
apseudes leroyi David & Heard, 2015. More recently, 
Morales-Nunez et al. (2016) described a new tanaido- 
morphan genus and species, Oahutanais makalii Mo- 
rales-Nunez, Larsen & Cooke, 2016 from waters of 0‘ahu. 
The same year, Morales-Nunez et al. (2016) described 
two additional paratanaid tanaidomorphans, Metatanais 
spinipropodus Morales-Nunez, Pelleteri & Heard, 2016 
and Aparatanais hawaiiensis Morales-Nunez, Pelleteri & 
Heard, 2016 from the Hawaiian Archipelago 


An examination of the Tanaidacea holdings of the 
Bernice Pauahi Bishop Museum, Honolulu, Hawai‘i 
(BPBM) in 2015, revealed the presence of an appar¬ 
ently undescribed species belonging to the parapseud¬ 
id genus Brachylicoa Gu^u, 2006. Gu^u (2006) estab¬ 
lished this genus designating Saltipedis muelleri Gu^u, 
1998 as the type species. In the same publication, he 
also described a second species, B. indonesiana Gutu, 
2006 and a year later he emended the genus to include 
a third species, B. estasiatica Gu^u, 2007 (Gu^u 2007). 
In his revision of the family Parapseudidae Gu^u, 1981, 
Gutu (2008) transferred Apseudes babelmandeben¬ 
sis (Bacescu, 1978) to this family and, with reserva¬ 
tions he tentatively listed this species under the genus 
Brachylicoa; however, he listed several morphological 
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differences (e.g., a distinctive pair of lateral spines on 
the anterior margin of the carapace and the morpholo¬ 
gy of pereopod-1), which could preclude its inclusion 
in this genus. 

The description of the new Hawaiian species of 
Brachylicoa is the subject of this paper and represents 
the fourth in a series of publications dealing with the Ta- 
naidacea of these mid-Pacific islands mentioned above. 

Materials and methods 

The material examined during this study came from 
the Bernice Pauahi Bishop Museum, Honolulu, Ha- 
wai‘i (BPBM), the Bohart Museum of Entomology 
(BME), University of California at Davis, and a col¬ 
lection made by the authors. Specimens from BPBM 
came from material collected from three coastal sites; 
(1) an ocean-water settling chamber in 1978 located 
at a now abandoned Naval Experimental site on the 
oceanic side of Mokapu Peninsula (type locality), (2) 
Kane‘ohe Bay (adjacent to the type locality), and (3) 
WaikTkT. Material from the type locality was scraped by 
hand from sediment collection trays. Specimens from 
Kane‘ohe Bay and WaikTkT were collected with sedi¬ 
ment cores (12.5 cm diameter by 15 cm deep) pushed 
into the substratum and sieved through a 0.5 mm mesh 
screen (Coles et al. 2002 a, b). Material collected by 
the authors came from Makupu‘u Tidepools and was 
collected by “rock washings”. The late M. A. Miller 
collected the specimens from BME by hand from Co¬ 
conut Island Reef, Kane‘ohe Bay. 

Other material {''Brachylicoa cf /wz”) from the east¬ 
ern Hawaiian Islands [i.e., HawaiT (Big Island), Molo- 
ka‘i, and Maui] was collected by the same methods 
used for Kane‘ohe Bay and WaikTkT studies (see Cole 
et al. 2004). 

All the material was initially preserved in 10% forma¬ 
lin and then stored in ethanol. Specimens were dissected 
under an Olympus ZS-16 stereomicroscope. Appendages 
were mounted on glass slides in glycerin and observed 
with an Olympus BX41 microscope, and drawings were 
made with a camera lucida. Illustrations were prepared 
with Adobe Illustrator CC 2017. Photographs were tak¬ 
en using an Olympus DP73 digital camera mounted on 
a stereomicroscope and/or compound microscope and 
all specimens were measured with CellSens Dimension 
1.11 Imaging Software (Olympus). Map was created 
using ArcGIS 10.4.1 software (University of Maryland 
Eastern Shore (UMES)). 

The total lengths for all specimens in the type se¬ 
ries of the new species of Brachylicoa were measured. 
Notwithstanding the presence on pereonite-6 of a 
male genital cone, hermaphroditic specimens having 
oostegites (marsupia) or oostegite buds are consid¬ 
ered functional females. The various stages or forms 
observed were placed into six categories: (1) subadult 
<3.5 mm TE without distinctive secondary characters 


(e.g. oostegites and genital cone 6), (2) adult females 
with oostegites and genital cone, (3) adult ovigerous 
females and genital cone, (4) adult females with mar- 
supium, (5) adult females with marsupium and genital 
cone, and (6) adult males having a genital cone with no 
indication of oostegites. 

Type material is deposited in the Bernice Pauahi Bish¬ 
op Museum, Honolulu, HawaiT (BPBM); National Muse¬ 
um of Natural History, Smithsonian Institution, Washing¬ 
ton, DC (USNM); and Gulf Coast Research Eaboratory 
Museum (GCRE). All measurements are in millimeters 
(mm). Total body length (TE) is measured from the tip 
of the rostrum to the tip of the pleotelson. Terminology 
used in this description generally follows that of Earsen 
(2003). In our descriptions, the unguis is included in the 
total length of the dactylus. 

Abbreviations 

BPBM: Bernice Pauahi Bishop Museum, Honolulu, Ha- 
wai‘i; BME: Bohart Museum of Entomology, Universi¬ 
ty of California at Davis; USNM: National Museum of 
Natural History, Smithsonian Institution, Washington 
DC; GCRL: Gulf Coast Research Eaboratory Museum; 
TL: Total body length; Stn: Station 

Results 

Systematics 

Order Tanaidacea Dana, 1849 
Snborder Apsendomorpha Sieg, 1980 
Snperfamily Apsendoidea Leach, 1814 
Family Parapsendidae Gn^n, 1981 
Snbfamily Parapsendinae Gn^n, 2008 
Tribe Parapsendini Gnfn, 1981 

Brachylicoa Gnfn, 2006 

Diagnosis. See Gutu [2006: new genus and diagnosis]; 
Gutu [2007: completion of genus diagnosis and addition¬ 
al description of B. muelleri]; Gutu [2008; remarks]. 

Emended diagnosis. Hermaphroditism common with 
many adults having both oostegites and male genital 
cone. Rostrum weakly incised or entire at interface 
with carapace, broad posteriorly and with lateral mar¬ 
gins entire or serrate, becoming greatly compressed 
anteriorly to form small, narrow, acute tip. Carapace 
ventral margins with row of 9-13 spiniform setae. 
Pereonite-6 and pleonites 1-5 lacking transverse row 
of setae on dorsal surface. Antennule with peduncle ar¬ 
ticle-1 having 2-3 distinctive spiniform setae on inner 
margin and with flagella nearly equal in length. Ven¬ 
tral margins of carapace with row of 9-13 spiniform 
setae. Maxilliped basis with one or two, spiniform, 
stout seta on or near inner distal margin. Pereopod-1 
with length of basis about equal to combined lengths 
of ischium-merus-carpus; merus with spiniform setae 
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on distoventral margin; carpus with spiniform seta on 
distodorsal and distoventral margins; propodus having 
distodorsal margin with large spiniform seta (imme¬ 
diately adjacent to dactylus) and ventral margin with 
two to four spiniform setae. Pereopod-4 with propo¬ 
dus having sub-distal crown of setulate spiniform, 
lanceolate setae. Pereopod-6 having basis with long 
setae (plumose and/or simple) on dorsal and ventral 
margins; propodus with oblique semi-circle of setulate 
spiniform, lanceolate setae distally. 

Male. Cheliped robust, with dorsal margin of basis 
armed small, but distinct spinose process. 

Type species. Brachylicoa muelleri (Gutu, 1998) 

Composition (four species). Brachylicoa estasiatica 
Gutu, 2007; B. indonesiana Gu^u, 2006; B. lui sp. n. (see 
below); B. muelleri (Gu^u, 1998). 

Remarks. Based on our observations, we conclude 
that the questionable species “5. babelmandebensis ” 
(Bacescu, 1978) described from the North west Indian 
Ocean, is not congeneric with Brachylicoa sensu stricto. 
It is immediately distinguished from the other nominal 
members of Brachylicoa by a having an acutely tipped 
rostrum with a unique pair of anteriorly directed, lateral 
spines and by the first pleonite having a distinct trans¬ 
verse, dorsal row of small setae near its anterior margin 
(see Bacescu 1978: Fig 4D). Based on these pleonal se¬ 
tae, '"B. babelmandebensis'' appears to be most similar 
to the genus Saltipedis sensu lato or it may represent 
a new but related genus. Pending examination of type 
or topotypic material, we herein tentatively transfer 
'"Apseudes babelmandebensis Baeescu, 1978 to the ge¬ 
nus Saltipedis Gu^u 1995, as Saltipedis babelmandeben¬ 
sis (Bacescu, 1978) comb. n. 

Blazewicz-Paszkowycz and Bamber (2012: p. 62) 
commented that Gutu (2006) “somewhat tenuously sep¬ 
arated [Brachylicoa] from Saltipedis." Based on our 
study and the emended diagnosis presented herein, we 
follow Gutu (2006, 2008) in considering Brachylicoa as 
a distinct genus. The presence of a crown of setulate 
spiniform, lanceolate setae near the distal margin on the 
propodus of pereopod-4 (see Fig. 8F, below) appears to 
be a reliable generic character for Brachylicoa and it is 
included in the emended generic diagnosis. This char¬ 
acter was used by Gutu (1998: p. 192) when separating 
Saltipedis muelleri from the genus Saltipedis Gu^u, 1995 
to become the type species of Brachylicoa. Besides the 
type species, this setal configuration occurs on the new 
Hawaiian species described herein and is present in the 
illustration of pereopod-4 for B. estasiatica (Gutu 2007: 
p. 81). Its occurrence on B. indonesiana cannot be ver¬ 
ified since pereopod-4 for this species remains unde¬ 
scribed (Gutu 2006). 

Although not prominent, we consider another reliable 
generic character, originally noted by Gutu (2006), to be 
the presence of one or two spiniform seta on the inner 


distal corner of the maxilliped basis. This, among other 
previously mentioned characters, including the setation 
of pereopod-4, appears to distinguish Brachylicoa from 
all other known parapseudid genera. 

Brachylicoa lui sp. n. 

http://zoobank.org/5533420E-575A-448B-9F3A-D483D94267D8 
Figures 2-12, 13E, N, J, O, T, and V 

Material examined. Holotype. Ovigerous hermaphro¬ 
dite with male genital cone (BPBM SI7058), TL 8.3 mm. 
Station (Stn) Ulupau (Head), TraylO, (780041HI - jar 
#23102, labelled as Apseudes sp. #2), (21°27'24.26"N, 
157°44'10.29"W), from Naval Experimental site (no 
longer extant), Mokapu Peninsula, 0‘ahu, HawaiT, 05- 
Dec-1978. 

Paratypes. Same collection data as for holotype. 
One $ with marsupium and genital cone (BPBM 
SI7059), TL 7.56 mm; one S without oostegites but 
with genital cone (BPBM SI7060), TL 8.4 mm; one $ 
with marsupium (USNM 1422411), TL 8.8 mm; one $ 
with marsupium and genital cone, TL 6.47 mm (USNM 
1422412); one $ with eggs and genital cone (USNM 
1422413), TL 7.5 mm; one $ with oostegites and gen¬ 
ital cone, TL 6.83 mm (GCRL 06586); one $ with 
eggs and genital cone, TL 6.80 mm; (GCRL 06587). 
Additional specimens from the type locality are in the 
collection of the Bernice Pauahi Bishop Museum, Ho¬ 
nolulu, HawaiT (BPBM). 

Additional material examined. Same collection data 
as for holotype. One subadult, TL 3.03 mm; one $with 
oostegites and genital cone, TL 5.15 mm; one $ with 
oostegites and genital cone, TL 6.02 mm. Additional 
specimens from the type locality are in the collection 
of the authors. 

Additional BPBM material examined: Kane‘ohe 
Bay, 0‘ahn (collectors: Coles et al. 2002a). — One 

S (damaged), four $ $ (two incubatory, one with ten 
well-developed mancae; two pre-incubatory), Sta 1 
(21°30'22.1"N, 157°. 50'57.1"W), North Channel KYC 
Patch Reef, depth 1-6 m, 17 Nov 1999. — One non-in- 
cubatory three subadults, Sta 9 (21°27'35.2"N, 
157°49'22.1"W), Channel Marker “12”, depth 0.5-15 
m, 28 Jan 2000. — Six ovigerous eight subadults, 
Sta 12 (21°26'36.8'’N, 157°48'40.3"W), Heeia Kea 
Pier, depth 0-7 m, 19 Jan 2000. —Adult S, TL 6.1 mm, 
Sta 14 (21°26'23.1"N, 157°47'30.2"W), Floating City, 
depth 0-4 m, 10 Nov 1999. —Three $$ (2 ovigerous), 
four subadults, Sta 16 (21°26'13.2'’N, 157°48T5.2'’W), 
Heeia Fish Pond Reef, 10 Nov 1999. — One ovig¬ 
erous $ (14 undeveloped ova), TL 5.2 mm, Sta 22 
(21°26'15.3"N, 157°45'55.1"W), Marine Corps Base 
(MCB) Fuel Dock, depth 0.5-8 m, 25 Jan 2000. — One 
adult incubatory Sta 23 (21°26'53.0"N, 157°46'W 
58.9"W), Rubble Island, depth 0-2 m, 26 Jan 2000. 
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Kane‘ohe Bay, 0‘ahu (BME). — Four six 
(ovigerous), (21°26'38"N, 157°47'47"W), Coconut Island 
Reef, lee side, coll, by M.A. Miller [Miller accession No. 
2642]. 15 August 1961. 

Waikiki, 0‘ahu (Collectors: Coles et al. 2002b). 

— One subadult, Sta 2 (21°16'10.8''N, 157°50'1.3'’W), 
“Outside Pops,” depth 6 m, 15 Jan 2001. — One ovig¬ 
erous $, Sta 6 (21°15'37.6"N, 157°50'15.3"W), Atlantis 
Wreck, depth 30-40 m, 18 Jan 2001. — Three subadults, 
Sta 14 (21°15'44.3"N, 157°49T9.2"W), Kaimana Beach 
Reef, depth 0.25-3 m, 24 Jan 2001. 

Makupu‘u Tidepools, 0‘ahu. — One manca, two 
subadults, (21°19'0.95"N, 157°39'52.13"W ), depth 0-1 
m, coll, by Andres G. Morales-Nunez and Richard W. 
Heard, 22 Oct 2015 

Other BPBM material examined from Hawaiian Ar¬ 
chipelago (Coles et al. 2004). — Brachylicoa cf. lui 

— Hawai‘i (Big Island): one adult incubatory $ (dam¬ 
aged), Sta 2, Kawaihae Harbor, coll, by P. Reath, 23 Jun 
2003. — One damaged (desiccated) $ and one juvenile, 
Sta 4, Hilo Harbor, coll, by P. Reath, 28 Jun 2003. — 
Moloka‘i: 13 $ and subadults (in poor condition), Sta 
4, Kaunakakai Pier, coll, by P. Reath, 30 Jan 2003. — 
Mani: three incubatory one non-incubatory Sta 
1, Kahului Pier, coll, by P. Reath, 31 Mar 2003. - one 
subadult Sta 4 Maalaea SBH, coll, by P. Reath, 2 
Apr 2003 

Diagnosis. Often hermaphroditic, having both four 
pairs of oostegites and male penal cone mid-ventrally 
on pereonite-6. Rostrum weakly incised at base, with 
slightly rounded, non-serrate shoulders, becoming im¬ 
mediately constricted distally to form, short, acute tip. 
Left mandible with lacinia mobilis having five denticles 
(proximal being most minute). Mandibular palp with 
article-1 having cluster of 20-25 simple setae. Pereo- 
pod-1 with propodus having ventral margin bearing 
two, rarely three, stout spiniform setae. Pereopod-6 
with basis having row of plumose setae on dorsal and 
ventral margins; carpus with row of three plumose setae 
on mid-dorsal margin. Cheliped on both sexes and on 
hermaphroditic forms with exopod bearing five termi¬ 
nal plumose setae. 

Female. Cheliped exhibiting two forms; first form 
typical of parapseudid females, having narrow car¬ 
pus length three to four times width and chela lacking 
teeth; second form robust and similar to male che¬ 
liped, but with dorsal margin of basis lacking blunt 
spinose process. 

Male. Cheliped robust, with dorsal margin of basis 
armed small, but distinct spinose process; carpus mas¬ 
sive, length about twice width, widest distally; fixed fin¬ 
ger of propodus and moveable finger each with tooth. 

Hermaphrodites having cheliped similar to those of 
male, with sub-proximal anterior margin of basis with or 
without blunt spinose process. 


Etymology. This species is named in honor of the late Lu 
Eldredge, a true gentleman and scholar, who contributed 
greatly to our understanding of the zoogeography, natu¬ 
ral history, and marine ecology of the Pacific Ocean. Lu, 
also, is remembered fondly by colleagues and friends for 
his warm hospitality, generosity, kindness, and willing¬ 
ness to share his vast knowledge of the natural history 
and culture of the Mid and West Pacific. 

Type locality. Oceanic water sediment settling chamber 
(now closed and abandoned). Naval Experimental site 
(21°27'24.26"N, 157°44T0.29"W), Mokapu Peninsula 
(Ulupau Head), 0‘ahu, Hawai‘i. 

Distribution. Known with certainty from the shallow 
coastal waters of the 0‘ahu island, Hawaiian Archipelago. 

We examined similar, possibly conspecific, BPBM ma¬ 
terial of Brachylicoa from the eastern Hawaiian Islands 
of Hawai‘i (Big Island), Moloka‘i, and Maui. Most of the 
relatively few specimens available for study were dam¬ 
aged subadults and females. We did not include specimens 
from these three islands in the distribution records for B. 
lui sensu stricto because of their relatively poor condition 
and geographical isolation from the 0‘ahu population of 
B. lui. To determine if cryptic species are represented or 
if the specimens from the Big Island, Moloka‘i, and Maui 
represent a single variable species will have to resolved 
with certainty using molecular genetic comparisons. 

Description. Hermaphrodite adult. With oostegites pres¬ 
ent on pereonites 1-4 and pereonite-6 with genital cone. 

Body (Fig. 2A). Length about 8.3 mm, about 5.0 times 
that of width. 

Cephalothorax (Fig. 2A-C). About 20% of TL and 
roughly as broad as long, with simple seta on sub-distal 
lateral face; rostrum short, pointed, with two small sim¬ 
ple setae on each margin (Fig. 2B); ocular lobes bearing 
pigmented eyes. Carapace, ventral-inner margin with row 
of 13 irregular spiniform setae and simple seta (Fig. 2C). 

Pereon (Fig. 2A). About 57% of TL, all pereonites wider 
than long; slightly decreasing in width, posteriorly; pere¬ 
onites 1 to 3 shorter than other pereonites, with lateral lobes; 
pereonite-1 with one simple setae on each anterolateral cor¬ 
ner; pereonites 2 to 3 with simple setae of unequal length on 
anterolateral comer and posterolateral lobe; pereonites 4-6 
large, with posterolateral rounded lobe, with several simple 
setae of varying length on lobe, dorsal and lateral margins. 

Pleon (Fig. 2A, D-E). About 15% of TL, shorter than 
pereonites 5 and 6 combined, all pleonites wider than 
long; pleonites 1-4 same length; pleonite-5 longer than 
others; each pleonite with several simple setae on dorsal 
surface and lateral lobes (Fig. 2D), each lobe with three 
to four long plumose setae (Fig. 2E); pleonites 4 to 5 with 
lateral epimeral lobes ending in posterolateral spine. 

Pleotelson (Fig. 2A). About 8% of TL, sub-rectangu¬ 
lar, shorter than pleonites 3 to 5 combined, weakly point¬ 
ed at terminus with four simple setae distally, and bears 
several simple setae on all margins and dorsal surface. 
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Figure 1. Map of 0‘ahu Island, indicating where Brachylicoa lui sp. n. was found. 


Antennule (Fig. 3A). Peduncle article-1, 3.7 times as 
long as wide; inner margin with two or three spiniform 
setae and three simple setae in the middle margin, with 
three simple setae distally; outer margin with seven sen¬ 


sory setae proximally, with one tiny and nine simple se¬ 
tae, with a cluster of five simple setae sub-distally, dorsal 
surface with two sub-distal setae. Articles 2 and 3 longer 
than wide; inner and outer margins with several simple 
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setae distally. Article-4 (common) longer than broad; dis¬ 
tal medial margin with two sensory setae. Outer flagellum 
with 17 articles, articles 1, 3, 5, 7, 9 ,11, 13, and 15 with 
cluster of three to four long simple setae, articles 4, 6, 8, 
10, 12, 14 with sensory seta, last article with three distal 
simple setae and two sensory setae. Inner flagellum of 13 
articles, each with 1-3 simple setae, articles 6, 8 and 10 
each with single aesthetasc. 

Antenna (Fig. 3B). Composed of 18 articles. Article-1, 
inner margin with three (two in ventral view) simple se¬ 
tae and large spine distally; outer distal margin setulose. 
Article-2 longest, inner mid margin with two simple setae 
of unequal lengths; outer margin with four (two mid and 
two distal) small simple setae; squama present, well-de¬ 
veloped, 5.0 times as long as wide, with 15 simple se¬ 
tae of varying lengths. Article-3, inner sub-distal margin 
with spiniform seta. Article-4, inner distal margin with 
two sensory setae. Article-5, inner sub-distal margin with 
one simple seta and two sensory setae; outer sub-distal 
margin with two sensory setae. Articles 6-17, with sim¬ 
ple setae of unequal lengths on inner and outer margins. 
Article-18, with five distal setae of varying lengths. 

Mouthparts. Labrum (Fig. 3C). Trapezoidal shal¬ 
low-conical, with medial small process and finely setose. 
Mandibles (Fig. 4A-I). Right: incisor (Fig. 4A-B) and 
lacinia mobilis (Fig. 4A, C) with three denticles; setifer- 
ous lobe with five (four multi-furcate and one simple) se¬ 
tae (Fig. 4A, H); molar process robust, with ridged, grind¬ 
ing surface, and setulate spiniform setae distally (Fig. 
4A, H), ventral and dorsal margins setulate (Fig. 4A, H), 
dorsal margin with two spiniform setae (Fig. 4H). Palp 
(Fig. 4D-E) with three articles; article-1 shortest bearing 
20-25 simple setae; article-2 twice as long as first, with 
four (three long and one short) simple setae, with row of 
14-16 pectinate setae (Fig. 4E), and two to three lateral 
pectinate setae; article-3 shorter than second, with row of 
18-20 pectinate setae, and ten lateral pectinate setae, and 
distal margin with three simple setae. Eeft: incisor with 
five denticles (Fig. 4F, I), lacinia mobilis with four den¬ 
ticles (Fig. 4F, G); molar process similar to that of right 
mandible, except less robust (Fig. 4F, I) and dorsal mar¬ 
gin with five spiniform setae (Fig. 41). Labium (Fig. 4J). 
Outer margin with spiniform setae, inner margin setulose. 
Palp-, with rows of small spiniform setae and simple se¬ 
tae along outer margin; distal margin with two pectinate 
setae, one apophysis, and two simple setae; inner mar¬ 
gin with a rounded setulose expansion. Maxillule (Fig. 
5A-B). Inner endite with five setulate setae and one inner 
setulose-pentafurcate spiniform seta (Fig. 5B), outer mar¬ 
gin of inner endite finely setose with sub-proximal tuber¬ 
cle. Outer endite with twelve (one very small) spiniform 
setae and two sub-distal setulose setae, margins finely 
setose (setae longer on lateral margin); palp biarticulated 
with seven sub-distal and one distal whip-like “cleaning” 
setae. Maxilla (Fig. 5C-K). Moveable endite, outer lobe 
with two long inner pinnate-inner setulose spiniform se¬ 
tae (Fig. 5D) and nine slightly shortest inner pinnate-in¬ 
ner setulose spiniform setae (Fig. 5E); inner lobe with 


seven simple setae and seven inner pinnate-inner setu¬ 
lose spiniform setae (Fig. 5F). Fixed endite, outer lobe 
with six simple setae, two bipinnate-plumose spiniform 
setae (Fig. 5G), and three trifurcate-plumose spiniform 
seta (Fig. 5H), and one outer pectinate and outer setulose 
spiniform seta (Fig. 51); inner lobe with eight bipinnate 
spiniform setae (Fig. 5J), and with ~40 basally swollen 
setae with bifid tip, sub-terminally (Fig. 5K). 

Maxilliped (Fig. 5E-Q). With short and wide coxa, in¬ 
ner margin with small denticles. Basis longer than broad, 
inner proximal margin with some small denticles, with 
small spiniform setae, inner sub-distal margin with two 
stout, spiniform seta, inner and outer distal margins ser¬ 
rate. Palp-, article-1, inner sub-distal margin with two 
(one long and one short) spiniform setae; outer margin 
with one spiniform seta and two spines forming a U-shape 
(Fig. 5M). Article-2; inner margin with six spiniform se¬ 
tae, 13-15 small setulate setae, and ~35 reduced simple 
setae; medial margin with four spiniform setae of varying 
lengths; outer margin with five spiniform setae. Article-3, 
inner margin with 17 inner setulate spiniform setae (Fig. 
5N); medial margin with one to two spiniform setae. Ar¬ 
ticle-4, inner margin with ten setulate setae, medial mar¬ 
gin with one setulate seta; distal margin with two strong¬ 
ly-developed setulose seta. Endite inner margin with four 
coupling hooks (Fig. 50), row of eleven basally-swollen 
setulate setae (Fig. 50), with eight apically-bidentate 
spiniform setae (Fig. 5P), with one leaf-shaped bifid spin¬ 
iform seta (Fig. 5Q), with six spiniform setae; outer mar¬ 
gin setulose with small denticles on proximal margin. 

Epignath (Fig. 5R). Cup-shaped, with strong setulate 
spiniform seta. 

Cheliped (Fig. 6A-B). Exopod with three articles, third 
article bearing five plumose setae. Basis, 2.5 times as 
long as wide; ventral margin with four small spines (three 
sub-proximal and one in the middle (sometimes bigger than 
others)), with two spiniform setae on distoventral margin, 
and two simple setae terminally; dorsal margin with distinct 
denticle on mid-margin (sometimes the denticle is not well 
developed) and one small spiniform setae distally. Merus 
sub-rectangular, ventral margin with simple seta medially 
and cluster of six simple setae sub-distally; mid-outer mar¬ 
gin with four simple setae; dorsal margin with sub-proxi¬ 
mal spiniform seta. Carpus, 1.6 times as long as wide, same 
length than basis, widest distally; ventral margin with five to 
six simple setae; outer margin with six simple setae; dorsal 
margin with five simple setae. Propodus, 1.4 times as long 
as wide; outer margin with two (one near articulation of 
dactylus) simple setae; dorsal margin with two simple setae 
distally; fixed Anger with four ventral simple setae, with 16 
to 18 sub-marginal simple setae on outer incisive margin, 
with tooth, with crenulate dorsal margin before tooth, claw 
short. Dactylus longer than fixed Anger, with large proximal 
well-developed tooth, and with row of seven spines ventral- 
ly. Inner surface (Fig. 6B); basis with two ventral spiniform 
setae sub-distally; dorsal margin with spiniform seta distal¬ 
ly. Merus with one spiniform setae on sub-proximal dorsal 
margin. Carpus with row of seven dorsolateral spiniform 
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Figure 2. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A dorsal view; B enlargement of rostrum; C an- 
teroventral fold of carapace; D lateral view of pleonites; E enlargement of lateral view of pleonite-5 tip. Scale bars = 1.0 mm for 


A and 0.5 for B-C. 
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Figure 3. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A antennule; B antenna; C labrum. Scale bars = 
0.5 mm for A-B and 0.1 mm for C. 
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Figure 4. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A and H right mandible; B enlargement of tip of 
right incisor process; C enlargement of right lacinia mobilis; D right mandible palp; E enlargement of pectinate seta; F and I left 
mandible; G enlargement of left lacinia mobilis', J labium. Scale bars = 0.1 mm for A, D-E, G-I. 


setae; with five spiniform setae distally (three dorsolater¬ 
al and two ventrolateral). Propodus palm having “comb 
row” of four simple setae of unequal length just proximal 
to articulation with dactylus, with three simple setae. Fixed 


finger with mid-ventrolateral spiniform seta, edge between 
tooth and claw with row of nine small denticles. Dactylus 
with one spiniform seta and a cluster of five simple setae on 
sub-distal lateral margin. 
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Figure 5. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A maxillule; B enlargement of penta-furcate 
spiniform setae; C maxilla; D-F, enlargement of inner pinnate-plumose spiniform setae; G enlargement of bipinnate-outer setulose 
spiniform seta; H enlargement of trifurcate-plumose spiniform seta; I enlargement of outer pectinate-outer setulose spiniform seta; 
J enlargement of bipinnate spiniform setae K enlargement of bifid basally-swollen seta; L maxilliped; M enlargement of distal outer 
margin of maxilliped palp-1; N enlargement of inner-setulate spiniform seta; O endite, P apically-bidentate spiniform setae; Q en¬ 
largement of leaf-shaped bifid spiniform seta; R epignath. Scale bars = 0.1 mm for A, C, L, O, R. 
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Figure 6. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A cheliped, lateral view; B cheliped, inner view. 
Scale bar = 0.5 mm. 


Pereopod-1 (Fig. 7A-C). Exopod with three articles, 
third article bearing five plumose setae. Basis, 2.9 times 
as long as wide; ventral margin with seven small spini- 
form setae, terminal cluster of ten simple setae of unequal 
lengths; dorsal margin with ten small spiniform setae; in¬ 
ner margin with a cluster of eleven simple setae, and one 


proximal apophysis (Fig. 7B). Ischium wider than long; 
distoventral margin with twelve simple setae of varying 
lengths; distodorsal margin with one simple setae at each 
side. Merus, 1.5 times as long as wide; ventral margin 
with cluster of 7-10 simple setae, three distal simple se¬ 
tae, and one terminal spiniform seta; outer margin with 
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four sub-distal simple setae; dorsal margin with one small 
simple seta and with five sub-distal simple setae. Carpus, 
same length as merus; ventral margin with seven simple 
and one spiniform setae; outer margin with four (two ven¬ 
trolateral and two mid-lateral) sub-distal simple setae; 
dorsal margin with oblique row of eleven simple and one 
spiniform setae. Propodus, shorter than carpus; ventral 
margin with 4-5 simple setae and two, rarely three, stout 
spiniform setae; outer margin with one simple seta just 
proximal to articulation with dactylus; dorsal margin with 
oblique row of seven setae and one spiniform seta; inner 
margin with three small simple setae and one sensory seta, 
and three sub-distal simple setae of unequal lengths, just 
proximal to articulation with dactylus (Fig. 7C). Dactylus 
and unguis combined longer than propodus, serrate (with 
row of 7-8 spines) ventrally, with simple seta distally; 
mid-dorsal margin with two small simple setae; dactylus 
4.3 times longer than unguis. 

Pereopod-2 (Fig. 7D-F). Basis, 3.3 times as long as 
wide; ventral margin with four small spiniform setae 
and terminal cluster of eleven simple setae of unequal 
lengths; dorsal margin with seven small spiniform setae 
and three sensory setae; inner margin with one proximal 
apophysis (Fig. 7E). Ischium wider than long; sub-distal 
ventral margin with ten simple setae of varying lengths; 
distodorsal margin with two simple setae at each side 
(inner setae no shown). Merus, 1.5 times as long as 
wide; ventral margin with seven simple and two spin¬ 
iform setae; outer margin with two (one of them longer 
than merus) simple and one spiniform sub-distal setae; 
distodorsal margin with one simple and one spiniform 
seta. Carpus, 2.2 times as long as wide; ventral margin 
with five simple and five spiniform setae; dorsal margin 
with oblique row of eleven simple and three spiniform 
setae. Propodus, 2.9 times as long as wide; ventral mar¬ 
gin with six simple and four spiniform setae; dorsal mar¬ 
gin with oblique row of seven setae and two spiniform 
seta; inner margin with five small simple setae, one sen¬ 
sory seta, and one sub-distal spiniform setae, just proxi¬ 
mal to articulation with dactylus (Fig. 7F). Dactylus and 
unguis combined shorter than propodus, sub-distal outer 
margin with a cluster of five simple setae; mid-dorsal 
margin with one small simple setae; dactylus 3.0 times 
longer than unguis. 

Pereopod-3 (Fig. 8A-C). Basis, 3.7 times as long 
as wide; ventral margin with two small spiniform setae 
and terminal cluster of twelve simple setae of unequal 
lengths; dorsal margin with three small spiniform setae 
and two sensory setae; inner margin with one proximal 
apophysis (Fig. 8B). Ischium wider than long; sub-distal 
ventral margin with 13 simple setae of varying lengths; 
distodorsal margin with one simple setae at each side. 
Merus, 1.5 times as long as wide; ventral margin with 
six simple and two spiniform setae; outer margin with 
two spiniform and one simple sub-distal setae; distodor¬ 
sal margin with one spiniform seta. Carpus, 2.9 times as 
long as wide; ventral margin with five simple and five 
spiniform setae; outer margin with oblique row of six 


spiniform and six simple setae. Propodus, 3.7 times as 
long as wide; ventral margin with five simple and four 
spiniform setae; outer and dorsal margin with oblique 
row of seven setae and two spiniform seta; dorsal mar¬ 
gin with mid-dorsal sensory-seta; inner margin with two 
small simple setae, and one sub-distal spiniform setae, 
just proximal to articulation with dactylus (Fig. 8C). 
Dactylus and unguis combined longer than propodus, 
sub-distal outer margin with a cluster of five simple 
setae; mid-dorsal margin with one small simple setae; 
dactylus 3.0 times longer than unguis. 

Pereopod-4 (Fig. 8D-F). Basis, 2.4 times as long as 
wide; ventral margin with one sensory-seta and terminal 
cluster of nine simple setae of unequal lengths; outer mar¬ 
gin with five small spiniform setae; dorsal margin with 
three sensory-setae. Ischium wider than long; distoven- 
tral margin with ten simple setae of varying lengths; dist¬ 
odorsal margin with one simple setae at each side. Merus, 
1.7 times as long as wide; ventral margin with four (one 
small) simple and four spiniform setae; outer margin with 
two spiniform and one simple sub-distal setae; distodorsal 
margin with one spiniform seta. Carpus, 3.5 times as long 
as wide; ventral margin with five simple and eleven spin¬ 
iform setae; distodorsal margin with three simple and two 
spiniform setae; inner distolateral margin with two spini¬ 
form setae (Fig. 8E). Propodus, 3.7 times as long as wide; 
ventral margin with three simple and five spiniform setae; 
dorsal margin with mid-proximal sensory-seta, and three 
distal spiniform setae (longer than dactylus and unguis 
combined), sub-distally with crown of 32 (14 of them on 
inner view (Fig. 8E)) setulate spiniform, lanceolate setae 
(Fig. 8F); inner margin with four simple setae; distodor¬ 
sal margin with one spiniform seta (Fig. 8E). Dactylus 
and unguis combined shorter than propodus, mid-outer 
margin with one simple setae, ventral margin with two 
tiny setae distally; dactylus 2.0 times longer than unguis; 
unguis with two parallel rows of minute fine setae along 
posterior grasping margin. 

Pereopod-5 (Fig. 9A-B). Basis, 2.4 times as long as 
wide; ventral margin with terminal cluster of nine simple 
setae of unequal lengths; outer margin with eleven small 
spiniform setae and three sensory-setae. Ischium wider 
than long; distoventral margin with a cluster of twelve 
simple setae of varying lengths; distodorsal margin with 
one simple setae at each side. Merus, 1.8 times as long as 
wide; ventral margin with ten simple and three spiniform 
setae; distodorsal margin with one spiniform seta. Car¬ 
pus, 3.2 times as long as wide; ventral margin with eight 
simple and nine spiniform setae; distodorsal margin with 
two spiniform setae. Propodus, 3.0 times as long as wide; 
ventral margin with six simple and five spiniform setae; 
dorsal margin with mid-distal simple and sensory-seta, 
and two distal spiniform setae (same length than dacty¬ 
lus and unguis combined); inner margin with two simple 
setae and four spiniform setae; distodorsal margin with 
one simple (just proximal to articulation with dactylus), 
and two spiniform setae (Fig. 9B). Dactylus and unguis 
combined shorter than propodus, mid-outer margin with 
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Figure 7. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A pereopod-1, lateral view; B basis of pereopod-1, 
inner view; C propodus and dactylus of pereopod-1, inner view; D pereopod-2, lateral view; E basis of pereopod-2, inner view; 
F propodus and dactylus of pereopod-2, inner view. Scale bar = 0.5 mm. 
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Figure 8. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A pereopod-3, lateral view; B basis of pereopod-3, 
inner view; C propodus and dactylus of pereopod-3, inner view; D pereopod-4, lateral view; E propodus and dactylus of pereopod-4, 
inner view; F enlargement of setulate spiniform, lanceolate setae. Scale bar = 0.5 mm for A-E. 
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one simple setae, distoventral margin with two tiny setae 
distally; dactylus 2.0 times longer than unguis; unguis 
with two parallel rows of minute fine setae along posteri¬ 
or grasping margin. 

Pereopod-6 (Fig. 9C-D). Basis, 2.3 times as long 
as wide; ventral margin with one small spiniform seta 
proximally, and terminal cluster of seven simple setae 
of unequal lengths; outer margin with five small spini¬ 
form setae and 34 (12 ventrolateral and 22 dorsolateral) 
sensory-setae. Ischium wider than long; distoventral 
margin with a cluster of eleven simple setae of vary¬ 
ing lengths; distodorsal margin with one simple setae 
at each side. Merus, 1.6 times as long as wide; ven¬ 
tral margin with five simple and five spiniform setae; 
distodorsal margin with one spiniform seta. Carpus, 
2.4 times as long as wide; ventral margin with seven 
simple and eleven spiniform setae; dorsal margin with 
three simple and three plumose setae, with one sim¬ 
ple and one spiniform setae distally; inner sub-dorsal 
margin with two simple setae. Propodus, 2.8 times as 
long as wide; ventral margin with three simple and ten 
spiniform setae; dorsal margin with mid-distal simple 
and sensory-seta; inner margin distal margin with two 
spiniform setae; distally with oblique semi-circle of 36 
(four of them on inner view (Fig. 9C)) setulate spini¬ 
form, lanceolate setae (Fig. 9D). Dactylus and unguis 
combined shorter than propodus, mid-outer margin 
with one simple setae, distoventral margin with two 
tiny setae distally; dactylus 1.3 times longer than un¬ 
guis; unguis with two parallel rows of minute fine setae 
along posterior grasping margin. 

Pleopods (Fig. lOA-B). Five well-developed, bi- 
ramous pairs. Basal article, 3.2 times as long as wide, 
shorter than both rami, inner margin with six plumose, 
and outer margin with eight plumose setae. Exopod 
shorter than endopod, with 29 plumose setae. Endopod 
with 32 plumose setae (one seta with whiplike serrate 
tip (Fig. IIB)). Number of plumose setae (e.g. from 14 
to 11) on peduncles and rami decreases from pleopod-1 
to pleopod-5 and number of plumose whiplike serrate tip 
setae on endopod increase from one on pleopod-1 to two 
on pleopod-5. 

Uropods (Fig. IOC). Peduncle well-developed, with 
simple setae. Exopod of 11-12 articles (twelve in the 
holotype, n = 10), with several simple setae, last article 
with 4-7 distal simple setae of varying lengths. Endo¬ 
pod of 33-47 articles (34-37 in the holotype, n = 9), 
article-2 apparently longest (but it is very difficult to 
determine if this article has division), with numerous 
simple setae; articles 7, 11, 15, and 20 with sensory 
setae, last article with six distal simple setae of varying 
lengths. 

Mucus glands/storage sites (Fig. 11). Occurring within 
ischium, merus, carpus and propodus of pereopods 1-5; 
and merus, carpus, and propodus of cheliped; number of 
glands decreasing posteriorly from pereopod-1 to pereo- 
pod-5; glands absent in pereopod-6. 


Dimorphism. The adult male cheliped is robust and dis¬ 
tinctly more massive than those described for the females 
of other members of the genus. As in the other known males 
of Brachylicoa, the dorsoproximal margin of the cheliped 
basis of B. lui bears a relatively small, blunt spiniform pro¬ 
cess (Fig. 12A) and there is a distinct mid-ventral, genital 
cone on pereonite-6. There are no indications of oostegites. 
The female cheliped exhibits two morphotypes; one having 
a narrow carpus with length more than three to four times 
width (Fig. 12B), and the other being robust and similar to 
that of male. Both female cheliped forms lack a blunt spine 
on the dorsoproximal margin of the basis (Fig. 12B-C). and 
there is no indication of a genital cone on pereonite-6. Adult 
hermaphrodites have oostegites present on pereonites 1 to 4 
and a mid-ventral genital cone on pereonite-6; as in the male 
their chelipeds are enlarged with or without blunt spinose 
process on dorsoproximal margin of the basis. 

Intraspecific variation. Brachylicoa lui exhibited some 
degree of variation among the individuals especially in 
the number of articles in uropodal exopod and endopod 
articles varied ontogenically, i.e., subadult and females 
with oostegites and genital cone have fewer articles than 
females with eggs/marsupium and a genital cone (7-11 
versus 11-12, respectively) (Table 1). 

Size-distribntion of material from Naval experimen¬ 
tal site. The body sizes of individual Brachylicoa lui 
measured during this study are presented in Table 1. The 
smallest observed ovigerous female and genital cone was 
6.80 mm, while the largest was 7.54 mm, mean TE was 
7.06 ± 0.24 (n = 3). Female with marsupium TE 8.82 mm. 
Females with marsupium and genital cone ranged from 
6.47 to 8.13 mm; mean TE was 7.39 ± 0.49 (n = 3). Adult 
male without oostegites, but with genital cone TE 8.35. 

Remarks. The adult female of Brachylicoa lui sp. n. 
(Fig. 13A-B), differs from other species of the genus by 
a combination of characters including (1) mandible palp 
article-1 with cluster of 20-25 simple setae, (2) the max- 
illule biarticulated palp ended in eight “cleaning’ setae, 
(3) maxilliped inner sub-distal margin with two stout 
spiniform seta, and (4) pereopod-6 with carpus having 
three plumose setae on mid-dorsal margin. 

The new Hawaiian species differs from B. muelleri by 
having the ventral margin of the carapace with a row of 
13 spiniform setae (nine in muelleri), antenna with 18 ar¬ 
ticles (13 in muelleri), and more setae on the first article 
of the mandibular palp (20-25 versus 6). Brachylicoa lui 
closely resembles B. indonesiana by having a mandibular 
palp article-1 with a cluster of more than ten simple setae, 
but it can be distinguished by (1) carapace having ventral 
margin with row of 13 spiniform setae (nine in indone¬ 
siana), (2) the maxillule biarticulated palp with total of 
eight sub-terminal and terminal “cleaning’ setae (five in 
indonesiana), (3) female cheliped basis lacking a blunt 
spine on the dorsal margin of the basis (one present in 
indonesiana), (4) pereopod-1 with distoventral margin of 
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Figure 9. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A pereopod-5, lateral view; B propodus and dacty- 
lus of pereopod-5, inner view; C pereopod-6, lateral view; D propodus and dactylus of pereopod-6, inner view Scale bar = 0.5 mm. 
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Figure 10. Brachylicoa lui sp. n. holotype female with oostegites and genital cone. A pleopod; B enlargement of plumose seta with 
whiplike serrate tip; C uropod. Scale bars = 0.5 mm for A, C. 


Table 1. TL, mean ± SE, and comparison of morphological features of sexual stages of Brachylicoa lui sp. n. from the Naval ex¬ 
perimental site. 


Stages 

TL(mm) 

No. of uropodal exopod 
articles 

No. of uropodal endopod articles 

Subadult 




1 

3.03 

7-8 

33-33 

Adult females with oostegites and genital cone 




1 

5.15 

7-8 

Missing 

2 

6.02 

11 

33-35 

Mean ± SE 

5.59 ± 0.44 



Adult ovigerous females and genital cone 




1 

6.80 

11 

40-42 

2 

6.83 

Missing 

Missing 

3 

7.54 

11 

34-37 

Mean ± SE 

7.06 ± 0.24 



Adult females with marsupium, no indication of male cone 




1 

8.82 

12 

43-45 

Adult females with marsupium and genital cone 




1 

6.47 

11 

36-38 

2 

7.56 

12 

44-47 

3 

8.13 

12 

34-37 

Mean ± SE 

7.39 10.49 



Male with genital cone, no indication of oostegites 




1 

8.35 

12 

31 (damaged) 
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Figure 11. Digital images of Brachylicoa lui sp. n. paratype female with oostegites and genital cone (dissected). A-F pereopod 1-6 
Arrows shown the presence of glands. Scale bar = 0.5 mm. 


basis lacking a stout spiniform seta (one present in indo- 
nesiana) and mems without distodorsal stout spiniform 
seta (one present in indonesiana), (5) pereopod-1 with 
distoventral margin of basis lacking a stout spiniform se¬ 
tae (one present in indonesiana), and (6) the basal article 
of pleopod with plumose setae (without plumose setae 
in indonesiana). Brachylicoa lui is distinguished from 


B. estasiatica by the absence of an acute rostrum with 
serrate margins, antenna having 18 articles, and a mandi¬ 
ble without tubercles on the outer surface. In contrast, B. 
estasiatica has 15 antennal articles, an acute rostrum with 
serrate margins, and a mandible with tubercles on the out¬ 
er surface. The following key may be used to separate the 
species within the genus Brachylicoa. 


zse.pensoft.net 




Zoosyst. Evol. 93 (2) 2017, 413-435 


431 



Figure 12. Bmchylicoa lui sp. n. paratypes chelipeds; A, male; B, C female. Scale bar = 0.5 mm. 
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Figure 13. Digital images of Brachylicoa lui sp. n. A holotype (female with oostegites and genital cone), lateral view of habitus, 
length 8.13 mm; B paratype (female with marsupium and genital cone) lateral view of habitus, length. Scale bar = 2.0 mm. 
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Key for the separation of the four currently recognized species of Brachylicoa 

1 Tip of rostrum relatively long (over 1/3 length of rest of rostrum), posterior lateral margins distinctly serrate 

(Fig. 14A). B. estasiatica [South China Sea: Malaysia] 

Tip of rostrum small (less than 1/4 length of rest of rostrum), lateral margins of rostrum not distinctly serrate 
(Fig. 14B-D).2 

2 Rostrum not basally incised (Fig. 14B). Pereopod-6, ventral margin of basis with row of simple setae only (Fig. 14E). 

Pleopod-1, basal article lacking plumose setae (Fig. 14H). B. indonesiana [Indonesia: Celebes Sea] 

Rostrum basally Incised (Fig. 14C-D). Pereopod-6, ventral margin of basis with row of plumose setae (Fig. 14F-G). 
Pleopod-1, basal article with three or more plumose setae (Fig. 141-J). 3 

3 Mandibular palp, artlcle-1 with cluster of six or fewer simple setae (Fig. 14K). Pereopod-6, dorsal margin of carpus 

lacking plumose setae (Fig. 14F). B. muelleri [Western Indian Ocean: Tanzania] 

Mandibular palp, artlcle-1 having cluster of 20-25 simple setae (Fig. 14L). Pereopod-6, dorsal margin of carpus with 
2-3 plumose setae (Fig. 14G). B. lui sp. n. [North Central Pacific: 0‘ahu Island] 



Figure 14. Tip of rostrum; X Brachylicoa estasiatica, BB. indonesiana, C B. muelleri, DB. lui sp. n. Pereopod-6: E B. indonesiana, 
F B. muelleri, G B. lui sp. n. Pleopod: H B. indonesiana, I B. muelleri, J B. lui sp. n. Mandible palp: K B. muelleri, L B. lui sp. n. 
Figures modified from [Bacescu 1978 (A); Gutu 2007 (B, E, H); Gutu 2006 (C, F, I, K); and this study (D, G, J, L]; not to scale. 
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Mucus glands 

We suspect the mucus secretions produced by the glands 
or mucus storage sites (see Fig. 11) on the appendages of 
B. lui are used in forming temporary or permanent tubular 
domiciles for B. lui and possibly in the process of feed¬ 
ing. We observed thin fragile mucus tubes mixed with 
silt and fine detritus the material examined, sometimes 
still containing a specimen, from the type locality and in 
some instances from material collected at the Kane‘ohe 
Bay sites. William Cook (per. comm. 2015) indicated that 
during its use by the United States Navy, when the tank 
was periodically cleaned, the settling trays often con¬ 
tained thousands of B. lui inhabiting tube-like domiciles. 
Some of these “tubes,” which appear to be composed of a 
mixture of mucus and fine sediment and/or detritus, were 
mixed with the preserved specimens that we examined 
from Navy sites. 

Possibly due to being overlooked, the presence of mu¬ 
cus glands and tub-like domiciles has not been reported 
previously for the genus Brachylicoa. We suspect that 
upon re-examination of the other species of the genus 
their presence will be confirmed. Similar glandular struc¬ 
tures are prominent within the parapseudid genera Hal- 
myrapseudes Bacescu & Gutu, 1974 and Discapseudes 
Bacescu & Gutu, 1976. In these genera, mucus is used 
in the thin walled tube domiciles (e.g., H. bahamensis: 
R. Heard, per. observ.) and in the lining of the burrows 
(e.g., D. holthuisr. see Bacescu and Gutu (1975, Plate 
1), respectively. The mucus glands within these genera 
stain a distinctive dark pink when Rose Bengal is added 
to formalin fixed material for sorting purposes (R. Heard, 
pers. observ.). Such glands are also prominent in the para¬ 
pseudid genus Pseudoapseudes Gu^u, 1981 (R. Heard, 
per. observ.) and we suspect that many other parapseudid 
genera will be found to have such homologous glandular 
structures in varying degrees of development. 

We further suspect that these glands are analogous, or 
possibly homologous, to those reported for the suspen¬ 
sion/filter feeding members of the subfamily Kalliapseu- 
dinae. In Mesokalliapseudes macsweenyi (Drumm, 2003) 
and Psammokalliapseudes granulosus Silva Brum 1973, 
similar mucus glands are involved in the in the construc¬ 
tion of their fragile mucus tubes (Drumm 2005). Also, 
Kakui and Hiruta (2014) reported that such glands are 
involved in the production of the fine, thread-producing 
mucus strands in Phoxokalliapseudes tomiokaensis (Shi- 
ino, 1966). 

Discussion 

The occurrence of two distinct cheliped forms for adult 
females of B. lui may indicate the presence of both prima¬ 
ry females and hermaphroditic forms in this species. The 
basis of the male cheliped has a characteristic sub-acute 
process on its mid-dorsal margin, which is absent on that 
of the female. If the presence of this process is indicative 
of terminal development of the cheliped, it may indicate 


protogynic development of the male. To support this con¬ 
jecture, further observations are needed to determine if 
the functional females (i.e. those which produce viable 
young) for the other three species of the genus also exhib¬ 
it two different female cheliped morphotypes. The males 
of B. lui and those of B. muelleri and B. indonesiana are 
characterized by the presence of a distinctive sub-acute 
process on cheliped basis, while the male cheliped for B. 
estasiatica remains unknown (Gutu 1998, 2006, 2007). 

The presence of B. lui in the Hawaiian waters rep¬ 
resents the first record for the genus from the mid-Pacific 
and northern Hemisphere. The other species of this ge¬ 
nus are known from the Southern Hemisphere in coastal 
waters of the Indian and western South Pacific Oceans: 
B. muelleri from Tanzania, western Indian Ocean (Gutu 
1998); B. indonesiana from Indonesia, Celebes Sea (Gutu 
2006); and B. estasiatica from Malaysia, South China Sea 
(Gutu 2007). 

Our observations and comparisons with other Brachyl¬ 
icoa species go with the caveat that ontogenetic factors 
may skew some taxonomic characters used in some of the 
earlier descriptions. For this reason, we chose the holotype 
and paratype series for B. lui, from specimens collected 
from the Naval experimental site. Many appeared to have 
reached terminal sizes, usually much greater than those of 
specimens collected from surveys of natural habitats on 
0‘ahu. Thus, the largest specimens from the type locality 
should quantitatively express the maximum development 
of characters for defining B. lui. In contrast, most of the 
specimens collected from natural habitats in Kane‘ohe Bay 
and WaikTkT were usually smaller and mostly damaged to 
varying degrees from the collection and sorting processes. 

Though we did not have many terminal size adult B. 
lui from the from the natural habitats from 0‘ahu, there 
appeared to be fewer hermaphrodites present than in the 
population occurring in the settling tank at the Naval ex¬ 
perimental site. There is a possibility that the “unnatural” 
biotic environmental factors experienced by the popula¬ 
tion of B. lui within the settling tank may have been a con¬ 
tributing factor to the high percentage of the adults being 
hermaphroditic. For instance, this might have been an ef¬ 
fect of the concentrations of pheromones released by the 
dense population of B. lui within the restricted confines of 
the settling tank habitat. Notwithstanding the role of such 
altered conditions or abiotic factors in inducing hermaph¬ 
roditism in B. lui is beyond the scope of our study. 

Acknowledgments 

This research is based in part on an undergraduate thesis 
submitted SU to the Honors College of the University of 
Southern Mississippi in partial fulfilment of the require¬ 
ments for the degree of Bachelor of Science in the Depart¬ 
ment of Biological Sciences. We wish to thank Ralph C. 
DeFelice and the late Lu Eldredge of the Bernice Bishop 
Museum, Honolulu, HawaiT, for originally making the 
Hawaiian material available to us for study. RWH is also 


zse.pensoft.net 




Zoosyst. Evol. 93 (2) 2017, 413-435 


435 


gratefully acknowledges travel support through the Bish¬ 
op Museum’s Edmondson Visiting Scientist Fund. Wil¬ 
liam Cook kindly facilitated our access to the large series 
of B. lui, including the holotype, collected by the U. S. 
Navy on 0‘ahu. Also, we wish to express our appreciation 
to Holly Bolick, Invertebrate Collections Manager, Bish¬ 
op Museum, for her assistance in obtaining ecological and 
location data for some of the collection sites. Lynn Kim- 
sey and Steve Heydon, Bohart Museum of Entomology, 
University of California at Davis, graciously gave the 
third author (RWH) access to the Hawaiian collections of 
the late Miller. This research was initially supported by 
NSF grant DEB-0529749. Lu Eldredge facilitated this fi¬ 
nancial support and graciously provided RWH living ac¬ 
commodations during his visit to the Bishop Museum in 
May 2012. We would like to thank Wilmelie Cruz-Marre- 
ro for help in drafting the study map. We are most grateful 
for the helpful and constructive criticism provided by the 
three anonymous reviews. We take full responsibility for 
any differing systematic or taxonomic interpretations. The 
open access publication of this paper was generously sup¬ 
ported by the Museum fur Naturkunde, Berlin. 

References 

Bacescu M, Gu^u M (1975) A new genus {Discapseudes n. g.) and three 
new species of Apseudidae (Crustacea, Tanaidacea) from the north¬ 
eastern coast of South America. Zoologische Mededelingen 49(11); 
95-113. 

Bacescu M (1978) Contribution to the knowledge of Monokonophora 
(Crustacea: Tanaidacea) from the NW of the Indian Ocean. Memo- 
riile Sectiunii Stiintifice 4(1): 197-220. 

Blazewicz-Paszkowycz M, Bamber RN (2012) The Shallow-water Ta¬ 
naidacea (Arthropoda; Malacostraca: Peracarida) of the Bass Strait, 
Victoria, Australia (other than the Tanaidae). Memoirs of Museum 
Victoria. 69; 1-235. https://doi.Org/10.24199/j.mmv.2012.69.01 
Coles SL, DeFelice RC, Eldredge LG (2002a) Nonindigenous marine 
species in Kane‘ohe Bay, 0‘ahu, HawaiT. Bishop Museum, Techni¬ 
cal Report No. 10, Honolulu, 353 pp. http://hbs.bishopmuseum.org/ 
pdf/kbay-report.pdf 

Coles SL, DeFelice RC, Eldredge LG (2002b) Nonindigenous marine 
species at Waikiki and HawaiT Kai, 0‘ahu, Hawai‘i. Bishop Muse¬ 
um, Technical Report No. 10, Honolulu, 244 pp. http://hbs.bishop- 
museum . org/pdf/waikiki. pdf 


Coles SL, Reath PR, Longenecker K, Bolick H, Eldredge LG (2004) 
Assessment of nonindigenous marine species in harbors and on 
nearby coral reefs on Kaua‘i, Moloka‘i, Maui, and Hawai‘i. Final 
report prepared for the Hawaii Community Foundation and the U.S. 
Fish & Wildlife Service, Honolulu, Bishop Museum Technical Re¬ 
port No 29a, 180 pp. http://hbs.bishopmuseum.org/pdf/tr29.pdf 

David SL, Heard RW (2015) Cryptapseudes leroyi, a new species of 
apseudomorphan tanaidacean (Crustacea: Peracarida: Metapseu- 
didae) from the Hawaiian archipelago. Pacific Science 69(2): 
279-289. http://dx.doi.Org/10.2984/69.2.10 

Drumm DT (2005) Comparison of feeding mechanisms, respira¬ 
tion, and cleaning behavior in two kalliapseudids, Kalliapseiides 
macsweenyi and Psammokalliapseudes granulosus (Peracarida; Ta¬ 
naidacea). Journal of Crustacean Biology 25(2): 203-211. https:// 
doi.org/10.1651/C-2524 

Gutu M (1998) Description of three new species of Tanaidacea (Crus¬ 
tacea) from the Tanzanian coasts. Travaux du Museum National 
d'Histoire Naturelle “Grigore Antipa” 40: 179-209. 

Guju M (2006) New Apseudomorph Taxa of the World Ocean; Crusta¬ 
cea, Tanaidacea. Curtea Veche, Bucharest Romania. 

Gu(u M (2007) Contribution to the knowledge of the Indo-West-Pacific 
Apseudomorpha (Crustacea: Tanaidacea). Travaux du Museum Na¬ 
tional d'Histoire Naturelle “Grigore Antipa” 50: 47-86. 

Gutu M (2008) A revision of the family Parapseudidae, with descrip¬ 
tion of a new tribe and three genera. The diagnoses and the key of 
the superspecific taxa (Crustacea: Tanaidacea: Apseudomorpha). 
Travaux du Museum National d'Histoire Naturelle “Grigore Antipa” 
51: 43-70. 

Kakui K, Hiruta C (2014) Diverse pereopodal secretory systems im¬ 
plicated in thread production in an Apseudomorph Tanaidacean 
crustacean. Journal of Morphology 275(9): 1041-1052. https://doi. 
org/10.1002/jmor.20281 

Larsen K (2003) Proposed new standardized anatomical terminolo¬ 
gy for the Tanaidacea (Peracarida). Journal of Crustacean Biolo¬ 
gy 23(3): 644-661. http;//dx.doi.org/10.1651/c-2363. https://doi. 
org/10.1651/C-2363 

Morales-Nunez AG, Larsen K, Cooke WJ (2016) Oahutanais makalii, 
a new genus and species of colletteid tanaidacean (Crustacea, Pera¬ 
carida) from shelf-waters off Hawaii, with a taxonomic key. Zoosys- 
tematics and Evolution 92(1): 1-12. http://dx.doi.org/10.3897/ 
zse.92.5581 

Morales-Niinez AG, Pelleteri S, Heard RW (2016) Two new paratanaid 
Tanaidacea (Crustacea: Malacostraca; Peracarida) from the Ha¬ 
waiian Islands, with illustrated taxonomic keys. Zootaxa 4150(4): 
467-492. http; //dx. do i. org/10.11646/zootaxa .4150.4.5 


zse.pensoft.net 






Zoosyst. Evol. 93 (2) 2017, 437-449 | DOI 10.3897/zse.93.14856 


4>yEnsPFr. 


museum fur naturkunde 


Genetic stracturing in the Pyramid Elimia, Elimiapotosiensis 
(Gastropoda, Pleuroceridae), with implications 
for pleurocerid conservation 

Russell L. Minton\ Bethany L. McGregor^, David M. Hayes^, Christopher Paighd, Kentaro Inoue® 

1 Department of Biological and Environmental Sciences, University of Houston Clear Lake, 2700 Bay Area Boulevard MC 39, Houston, Texas 
77058 USA 

2 Florida Medical Entomology Laboratory, Institute of Food and Agricultural Sciences, University of Florida, 200 9th Street SE, Vero Beach, 
Florida 32962 USA 

3 Department of Biological Sciences, Eastern Kentucky University, 521 Lancaster Avenue, Richmond, Kentucky 40475 USA 

4 Department of Biological Sciences, University of Rhode Island, 100 Flagg Road, Kingston, Rhode Island 02881 USA 

5 Texas A&MNatural Resources Institute, 578 John Kimbrough Boulevard, 2260 TAMU, College Station, Texas 77843 USA 

http://zoobank.org/E6997CB6-F054-4563-8C57-6C0926855053 
Corresponding author: Russell L Minton (mintonri@gmail.com) 


Received 7 July 2017 
Accepted 19 September 2017 
Published 15 November 2017 

Academic editor: 

Matthias Glaubrecht 

Key Words 

Freshwater snails 
gastropods 
Interior Highlands 
phylogeny 
population genetics 


Abstract 

The Interior Highlands, in southern North America, possesses a distinct fauna with nu¬ 
merous endemic species. Many freshwater taxa from this area exhibit genetic structuring 
consistent with biogeography, but this notion has not been explored in freshwater snails. 
Using mitochondrial 16S DNA sequences and ISSRs, we aimed to examine genetic struc¬ 
turing in the Pyramid Elimia, Elimia potosiensis, at various geographic scales. On a broad 
scale, maximum likelihood and network analyses of 16S data revealed a high diversity of 
mitotypes lacking biogeographic patterns across the range of E. potosiensis. On smaller 
geographic scales, ISSRs revealed significant population structure, even over the distance 
of a few hundred meters. Unlike other freshwater mollusks like mussels, E. potosiensis 
showed no evolutionary patterns relating to biogeography. The species does show popula¬ 
tion-level genetic structure, which may have implications in conservation efforts. 


Introduction 

The Interior Highlands, separated by the Arkansas River 
Valley into the Ozark and Ouachita regions, is a major 
geographical feature of southern North America and in¬ 
cludes the Ozark and Ouachita Mountains (Fenneman 
1928, May den 1985). As a result of the geological pro¬ 
cesses that formed it, the Interior Highlands has a distinct 
fauna with high instances of endemism and drainage pat¬ 
terns that have dictated diversity (Mayden 1985, May den 
1988, Matthews and Robison 1998, Austin et al. 2004, 
Bonett and Chippindale 2004). The Interior Highlands 
also served as a refugium for many species during pe¬ 


riods of glaciation and sea level rise. Analyses of Inte¬ 
rior Highland fauna demonstrate a specific relationship 
between southern Ozark fauna (from Arkansas River 
tributaries) and Ouachita Mountain fauna (Mayden 1988, 
Crandall and Templeton 1999, Berendzen et al. 2003). 
For some aquatic species, the Arkansas River may have 
formed a barrier for those adapted to cold, fast moving 
waters (Turner et al. 1996, Bonett and Chippindale 2004), 
thus isolating populations. Genetic structuring at narrow 
and broad geographic scales have been observed in fresh¬ 
water bivalves from the Interior Highlands (Inoue et al. 
2013, Chong et al. 2016) but has not been explored in 
freshwater snails in the same region. 
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With nearly 170 recognized species (Johnson et al. 
2013), the family Pleuroceridae is the second largest 
group of freshwater snails in North America behind 
only the Hydrobiidae. As part of the 700 snail species in 
North America, pleurocerids are increasingly imperiled 
by river regulation, habitat loss, poor water quality, re¬ 
duced water quantity, and invasive species (Johnson et 
al. 2013). Only 22% of all freshwater snail species are 
stable in a conservation context, and recent extinctions 
support these rankings (Sada and Vinyard 2002, Hershler 
et al. 2007, Johnson et al. 2013). Thirty-three pleurocerid 
species are extinct, and of all federally endangered and 
threatened species, 55% of the listed snails are fresh¬ 
water species including eight pleurocerids (Johnson et 
al. 2013). Only six recognized species occur west of the 
Mississippi River (NatureServe 2017), with three of them 
occurring in the Interior Highlands. The Pyramid Elimia, 
Elimia potosiensis (Lea, 1841), is a morphologically 
variable species found in springs and rivers throughout 
the Ozark and Ouachita highlands of Arkansas and Mis¬ 
souri, its range stretching westward into eastern Kansas 
and Oklahoma (Goodrich 1939, Tiemann and Cummings 
2007). Unlike many other pleurocerids, populations of 
E. potosiensis are often large and connected to one an¬ 
other within stream flows (Gordon 1980, Gordon 1982), 
and the species is secure across its range (global heritage 
rank of G5; NatureServe 2017). Given that freshwater 
taxa, including mollusks, in the Interior highlands exhib¬ 
it genetic structure, and that many freshwater snails are 
of conservation concern, we aimed to answer three re¬ 
search questions. First, on a broad geographic scale, does 
E. potosiensis represent a single clade showing genetic 
structuring by population and river drainage? Second, on 
narrower scales, do populations show any degree of ge¬ 
netic structure within single streams of closely connected 
waterways? Finally, what impact can our findings have 
on pleurocerid conservation? 

We utilized two forms of genetic data for our study, 
mitochondrial DNA sequences at the species level and 
inter-simple sequence repeats (ISSRs) at the population 
level. The bulk of freshwater gastropod genetic studies 
employ one of two mitochondrial DNA fragments de¬ 
rived from either the 16S or cytochrome oxidase c sub¬ 
unit I gene. While these sequences may show utility in 
population and species-level studies, results are mixed 
in freshwater cerithioideans including pleurocerids (e.g. 
Kohler and Deein 2010, Miura et al. 2013, Kohler 2016). 
Widely divergent mitochondrial haplotypes can be found 
in single populations and species that can cloud questions 
of monophyly and relatedness (Dillon and Frankis 2004, 
Whelan and Strong 2016), and no consistent explanation 
has been offered as to why these divergent haplotypes ex¬ 
ist or persist (Whelan and Strong 2016). Not all studies, 
however, report this issue (Lydeard et al. 1998, Minton 
and Lydeard 2003, Minton and Savarese 2005). ISSRs are 
fragments of DNA separating neighboring microsatellites 
used as genetic markers amplified using polymerase chain 
reaction (PCR) (Zietkiewicz et al. 1994). Primers for 


IS SR amplification are complementary to microsatellite 
sites, bind to them using a one to three nucleotide anchor 
sequence on the 5’ or 3’ end (Bussell et al. 2005), and am¬ 
plify the ISSR in between (Gulley and Wolfe 2001). This 
approach does not require prior genome sequence infor¬ 
mation, and leads to banding patterns containing multi¬ 
ple loci and high levels of polymorphism (Tsumura et al. 
1996). ISSRs have provided useful population data in a 
variety of organisms including plants (Lisek and Rozpara 
2010), insects (Vijayan et al. 2006), arachnids (Machk- 
our-M’Rabet et al. 2009), and birds (Haig et al. 2003), but 
have not been utilized extensively in gastropods (Dong 
et al. 2011, Snegin 2014). 

Materials and methods 

Broad scale phylogenetic analyses 

We collected live E. potosiensis from six river drainag¬ 
es throughout the Ozark and Ouachita highlands (Fig¬ 
ure 1). We followed a standard CTAB/chloroform protocol 
(Saghai-Maroof et al. 1984) for DNA extraction. We ampli¬ 
fied a 500 bp portion of the 16S ribosomal subunit (primers 
16sar and 16sbr [Palumbi, 1996]) using Qiagen Taq PCR 
Core Kit and the following thermal cycling conditions: 
an initial denaturation cycle of 95°C for three minutes; 40 
cycles of 95°C for 35s, 44°C for 45s, 72°C for 45s; and a 
final five-minute extension period at 72°C. We sequenced 
gel-purified products on a Beckman CEQ8000 automated 
sequencer using Sanger dideoxy sequencing. We used Po¬ 
part (Leigh and Bryant 2015) to calculate nucleotide diversi¬ 
ty and Tajima’s D (Tajima 1989), and to visualize haplotype 
diversity in E. potosiensis by generating a TCS (Clement et 
al. 2002) network. We then combined our E. potosiensis se¬ 
quences with other pleurocerid 16S data taken from NCBI 
(Table 1) and aligned them using the Muscle algorithm 
(Edgar 2004) with default settings. We used Gblocks 0.91b 
(Castresana 2000) with default settings to remove poorly 
aligned positions from the data, and used the ModelFinder 
(Kalyaanamoorthy et al. 2017) function of Iq-tree (Nguyen 
et al. 2015) to select the appropriate substitution model by 
Bayesian information criterion. We then analyzed the data 
under maximum likelihood in Iq-tree and estimated branch 
support using 10,000 ultra-fast bootstrap replicates (Minh et 
al. 2013). We also tested the hypothesis that E. potosiensis 
sequences from each separate river drainages represented 
separate monophyletic groups. We used the approximately 
unbiased test (Shimodaira 2002) with 1000 REEL bootstrap 
replicates implemented in Iq-tree to test whether topologies 
were significantly different (p<0.05). 

Narrow scale population genetic analyses 

We employed ISSRs as population markers on two differ¬ 
ent spatial scales. In our first study, herein referred to as 
the ‘small’ study, ten individuals from each of 12 E. po¬ 
tosiensis populations were collected (Figure 2, white cir¬ 
cles). Four populations were in a spring run flowing into 
Walnut Creek in the Arkansas portion of the Ouachita 
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Figure 1. Map of E. potosiemis collection localities, color coded by river drainage, used in the phylogenetic analysis. Detailed 
locality information is in Table 1. 


National Forest. Populations were sampled at the mouth 
of the spring run (S4) and in 50 m intervals upstream (S3- 
Sl); at the mouth, the spring run flowed over aim rock 
ledge into Walnut Creek. Populations from Walnut Creek 
were sampled as well, using the confluence point with 
the spring drainage (C3) as a starting point. Populations 
were sampled in 50 m intervals upstream (C2 and Cl) 
and downstream (B1-B5, below where the creek flows 
under the road through a culvert). 

We followed the ‘small’ study with a second ‘large’ 
study. We collected 50 E. potosiensis from each of four lo¬ 
calities (Figure 2, gray circles). Three sites were located in 
the Walnut Creek drainage in the Arkansas portion of the 
Ouachita National Forest. The first (ARKl) was a small 
spring feeding the main channel of Walnut Creek. The sec¬ 
ond and third were in Walnut Creek, 325 m upstream and 
350 m downstream of where the ARKl spring run entered 
the creek. The final site was Sallisaw Creek, Sequoyah 
County, Oklahoma near Marble City. For both studies, sam¬ 
ples were stored in 95% ethanol or frozen at -20°C. 


We isolated genomic DNA as before, purified it on 
silica Alters (UltraClean PCR Clean-up Kit, MoBio), and 
diluted it with sterile water to 50 ng/pl concentration. We 
amplified ISSRs by PCR in 50 pi volumes with the Go- 
Taq PCR Core System I reagents (Promega) at the man¬ 
ufacturer’s recommended concentrations. The cycling 
profile consisted of an initial denaturation cycle of 95°C 
for three minutes, 30 cycles of 95°C for 30s, annealing 
for 30s, and 72°C for 60s, followed by a ten-minute ex¬ 
tension period at 72°C. We used one primer in each IS SR 
reaction (Table 2) and optimized each annealing tem¬ 
perature. For the ‘small’ study we visualized ISSRs by 
running 10 pi of PCR product on 2% agarose gels in TBE 
at 100 V for 90 minutes. For the ‘large’ study, 20 pi of 
PCR product was run on 10% polyacrylamide-TBE gels 
at 11OV for two hours. In both, a 0.1-1 kb size ladder was 
loaded, and we stained gels 1 % ethidium bromide then 
de-stained in deionized water. Gels were photographed 
(Bio-Rad Chemi XRS) and processed (Bio-Rad Quantity 
One) before analysis. We coded individual bands if they 
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Table 1. Locality and NCBI accession numbers for sequences used in this study. 


Taxon 

Accession 

Locality 

Identifier 

Reference 

Elimia alabamensis 

U73761 



Lydeardetal. 1997 

E. caelatura 

AF100988 



Flolzangel and Lydeard 2000 

E. catenaria 

FJ471493 



Strong and Kohler 2009 

E. clenchi 

FJ471492 



Strong and Kohler 2009 

E. comalensis 

KU052563 

Salado Creek at Interstate 35, Salado, Bell County, TX 


new 

E. crenatella 

U73762 



Lydeardetal. 1997 

E. cylindracea 

U73765 



Lydeardetal. 1997 

E. doolyensis 

DQ311118 



Lee et al. 2006 

E. haysiana 

U73763 



Lydeard et al. 1997 

E. hydei 

U73764 



Lydeard et al. 1997 

E. interrupta 

AYO10521 



Lydeard et al. 2002 

E. laqueata 

KU052565 

Green River, KY 


new 

E. livescens 1 

DQ311116 



Lee et al. 2006 

E. livescens 2 

KU052564 

French Creek, PA 


new 

E. melanoides 

AF540003 



Minton et al. 2003 

E. olivula 

U73766 



Lydeardetal. 1997 

E. potosiensis 

KT988910 

Alum Fork Saline River, AR 34.673ION, 92.79920W 

2 

new 

KT988911 

KT988965 

Illinois River, AR 36.10320N, 94.34500W 

14 

new 

KT988932 

War Eagle Creek, AR 36.12100N, 93.69340W 

45 

new 

KT988962 

KT988940 

Otter Creek, AR 36.22380N, 92.25190W 

72 

new 

KT988923 

Blanchard Springs, AR 35.95680N, 92.13960W 

111 

new 

KT988950 

KT988951 

KT988956 

Spring River, AR 36.31530N, 91.49080W 

123 

new 

KT988957 

KT988964 

Mill Creek Spring, AR 36.05720N, 91.60890W 

149 

new 

KT988916 

Mammoth Spring, AR 36.49580N, 91.53320W 

154-1 

new 

KT988922 

KT988943 

KT988944 

KT988945 

KT988933 

Warm Fork Spring, AR 36.49580N, 91.53320W 

154-2 

new 

KT988934 

KT988929 

KT988954 

Mulberry Fork Little Red River, AR 35.74210N, 92.33380W 

165 

new 

KT988955 

KT988939 

Mulberry River, AR 35.62275N, 93.91023W 

186 

new 

KT988958 

Cossatot River, AR 34.37950N, 94.23680W 

221 

new 

KT988967 

KT988963 

Tributary to South Fork Ouachita River, AR 34.51870N, 93.75940W 

260 

new 

KT998966 

Saline River, AR 34.58710N, 92.60480W 

270 

new 

KT988968 

KT988953 

Big Creek, MO 37.29375N, 90.62775W 

M2 

new 

KT988927 

Big River, MO 37.81483N, 90.77049W 

M3 

new 

KT988941 

Brenton Creek, MO 37.93847N, 90.79239W 

M4 

new 

KT988952 

KT988921 

Meramac River, MO 37.5701 IN, 91.30293W 

M5 

new 

KT988938 

KT988942 

KT988918 

Trek Creek, MO 37.95693N, 91.89561W 

M6 

new 

KT988919 

KT988925 

KT988949 

Little Piney River, MO 37.91063N, 91.90381W 

M7 

new 

KT988960 

KT988924 

Mill Creek, MO 37.87296N, 91.92921W 

M8 

new 

KT988928 
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Taxon 

Accession 

Locality 

Identifier 

Reference 


KT988947 

Clifty Creek, MO 38,04173N, 91,96089W 

MIO 

new 


KT988948 


KT988914 





KT988915 

North ForkWhite River, MO 36.66723N, 92.28129W 

M14 

new 


KT988926 





KT988931 

James River, MO 37.19040N, 93.12660W 

M16 

new 


KT988937 

Indian Creek, MO 36,79320N, 94,24380W 

M19 

new 


KT988930 

Spring River, MO 37.11560N, 93.89420W 

M20 

new 


KT988961 

Clear Creek, MO 37.30831N, 93.50060W 

M22 

new 

E. potosiensis 

KT988970 


KT988959 

Niangua River, MO 37.51970N, 92.98420W 

M24 

new 


KT988969 


KT988917 

Big Piney River, MO 37.32720N, 92.00210W 

M27 

new 


KT988946 


KT988935 

Current River, MO 37.27990N, 91.40600W 

M31 

new 


KT988936 


KT988912 





KT988913 

Sallisaw Creek, OK 35.57660N, 94.83047W 

OK 

new 


KT988920 




E. showalteri 

U73767 



Lydeardetal. 1997 

E. virginica 1 

DQ311117 



Lee et al. 2006 

E. virginica 2 

AF100989 



Holzangel and Lydeard 2000 

lo jiiivialis 

AF100999 



Flolzangel and Lydeard 2000 

Juga plicifera 

AF101004 



Holzangel and Lydeard 2000 

Leptoxis ampla 1 

U73768 



Lydeardetal. 1997 

Leptoxis ampla 2 

KF680604 



unpublished 

Le. crassa anthonyi 

AFlOlOOl 



Holzangel and Lydeard 2000 

Le. dilatata 

DQ311122 



Lee et al. 2006 

Le. foremani 

KF680592 



unpublished 

Le. picta 1 

KF680596 



unpublished 

Le. picta 2 

U73769 



Lydeardetal. 1997 

Le. plicata 

U73770 



Lydeardetal. 1997 

Le. praerosa 

AF101002 



Holzangel and Lydeard 2000 

Le. taeniata 1 

U73771 



Lydeardetal. 1997 

Le. taeniata 2 

KF680600 



unpublished 

Le. virgata 

AFIOIOOO 



Holzangel and Lydeard 2000 

Lithasia armigera 

AF 100998 



Holzangel and Lydeard 2000 

Li. duttoniana 

AF100997 



Holzangel and Lydeard 2000 

Li. geniculata fuliginosa 

AF 100996 



Holzangel and Lydeard 2000 

Li. geniculata geniculata 

AF100995 



Holzangel and Lydeard 2000 

Pleurocera acuta 1 

AF 100994 



Holzangel and Lydeard 2000 

P. acuta 2 

MF357697 

Mulberry Fork Little Red River, AR 35.74210N, 92.33380W 


new 

P. acuta 3 

MF357698 

Warm Fork Spring, AR 36,49580N, 91,53320W 


new 

P. annulifera 

U73772 



Lydeardetal. 1997 

P. prasinata 1 

U73774 



Lydeardetal. 1997 

P. prasinata 2 

U73773 



Lydeardetal. 1997 

P. pyrenella 1 

AF100990 



Holzangel and Lydeard 2000 

P. pyrenella 2 

DQ311123 



Lee et al. 2006 

P. pyrenella 3 

KT164352 



Whelan and Strong 2016 

P. uncialis hastata 

AF 100993 



Holzangel and Lydeard 2000 

P. vestita 

U73775 



Holzangel and Lydeard 2000 

P. walkeri 

AF100992 



Holzangel and Lydeard 2000 


were clear and reliably scored in each individual. Bands 
were identified and sized using GelAnalyzer2010 (http:// 
www.gelanalyzer.com/), then binned into markers with 
5 bp tolerance, For both studies bands were scored as 
present or absent in each individual to produce separate 
data matrices. 


We analyzed our data matrices using GenAlEx 6.052 
(Peakall and Smouse 2006) and the ‘poppr’ 2.2.1 pack¬ 
age (Kamvar et al. 2014, Kamvar et al. 2015) in R 3.3.1 
(R Core Team 2016). For each, we generated a genotype 
accumulation curve (Kamvar et al. 2015) to determine 
the minimum number of loci necessary to discriminate 
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Figure 2. Map showing collecting localities for both ISSR studies. Inset shows position of Oklahoma (OK) relative to Arkansas 
(ARKl-3) populations. Shell of E. potosiensis from population OK is shown. 


Table 2. Sequences, annealing temperatures (°C), and number of bands produced for ISSR primers used in each study. 


‘small’ study 

‘large study’ 

Primer sequence 

Annealing temperature 

number of bands 

Primer sequence 

Annealing temperature 

number of bands 

5’-(AG)J 

50° 

6 

5’-(AC),C 

53° 

47 

5’-AC, 

49° 

2 


54° 

27 

5’-BHB(GA), 

49° 

1 

5’-(CA),RG 

53° 

26 

5’-RY(CA), 

49° 

2 




5’-CA, 

54° 

7 




5’-WB(GACA)^ 

50° 

4 





between individuals in a population. We calculated Simp¬ 
son diversity and evenness (Grunwald et al. 2003) at 
each locus, and Nei’s gene diversity (Nei 1973) for each 
population. An analysis of molecular variance (Excoffier 
et al. 1992) was performed on the data by populations 
in regions (spring [S] versus creek upstream [C] versus 


creek downstream [B], or Arkansas versus Oklahoma) 
to partition the overall genetic variation. The O statistic 
was used to describe ratios of between and among popu¬ 
lation and region variance to total variance; O values are 
comparable to F statistics calculated for dominant-only 
genotype markers (Excoffier et al. 1992). Significance of 
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O was determined through standard permutation (10,000 
replicates) of the entire dataset. We also used principal 
coordinates analysis (PCoA) based on Nei’s genetic dis¬ 
tance to visualize population structure. 


Results 

Broad scale phylogenetic analyses 

Within E. potosiensis we observed nucleotide diversity 
71 = 0.066 and Tajima’s D = 0.894 (p [D > 0.894] = 0.38) 
using aligned sequences prior to processing with Gblocks. 
Our parsimony network (Figure 3) connected the 30 re¬ 
sulting 16S haplotypes with a maximum of 83 mutations. 
Our final data matrix processed through Gblocks consisted 
of 110 sequences and 317 nucleotide sites. Under maxi¬ 
mum likelihood we generated a single tree (log likelihood 
= -2454.1915, se = 186.2554) under the HKY+R3 model 
(Figure 4). The E. potosiensis sequences did not form a sin¬ 
gle clade but rather resolved in four well-supported clades. 
Constraining the monophyly of E. potosiensis, however, did 
not produce a significantly different topology (p = 0.63). In¬ 
dividuals from single localities were not necessarily recov¬ 
ered as sister taxa, and constraining them to be sister pro¬ 
duced a significantly less likely topology (p < 0.001). Also, 
no grouping of sequences by river drainage was observed 
in the overall tree nor in the four E. potosiensis clades, and 
constraining the monophyly of each river drainage generat¬ 
ed significantly less likely topologies (p < 0.001). 



Figure 3. TCS parsimony network of E. potosiensis 16S haplo¬ 
types color coded by river drainage. Hash marks represent mu¬ 
tational steps between haplotypes. 
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Figure 4. Maximum-likelihood phylogeny of E. potosiensis 
sequences. Individual snails are color-coded by river drainage 
and labelled according to Figure 1 and Table 1. Branches with 
bootstrap support > 80% are labeled. 
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Population genetics 

In the ‘small’ study, we were able to bin and identify 22 
markers. There were 110 unique genotypes identified 
among the 120 total individual snails. A genotype accu¬ 
mulation curve suggested that the minimum number of 
markers needed to discriminate individuals was 19, so our 
analyses were close to the detection limit for those markers. 
Simpson diversity for individual loci ranged from 0.033 to 
0.500, while evenness ranged from 0.383 to 1. Nei’s gene 
diversity by population ranged from 0.248 (B3) to 0.394 
(C3). AMOVA (Table 3) showed that most of the variation 
in the data was within populations (95.86%), followed by 
between the regions (spring and creek sites) (3.91%) and 
within each region (0.23%). Permutation tests suggested 
significant (p < 0.01) genetic structuring between popu¬ 
lations and between regions (spring or creek), but not be¬ 
tween populations within the same region (p = 0.28). Pair¬ 
wise comparisons of populations suggested low genetic 
differentiation between populations (O < 0.133), and PCoA 
showed no clustering by proximity or region (Figure 5). 


In the ‘large’ study, we were able to bin and identify 
a total of 100 markers. Each of the 200 snails possessed 
its own unique genotype. A genotype accumulation curve 
suggested that a minimum of 31 polymorphic markers was 
needed to discriminate individuals, so our dataset of 98 
was sufficient for further analysis. Simpson diversity for 
individual loci ranged from 0.303 to 0.500, while evenness 
ranged from 0.376 to 1. Nei’s gene diversity for the pop¬ 
ulations ranged from 0.254 for ARKl to 0.328 for ARK3. 
An AMOVA (Table 4) showed that most of the variation 
in the dataset was seen between individuals of a popula¬ 
tion (66.8% of total). The least variation (12.1%) was seen 
between populations in a region (Arkansas or Oklahoma), 
and the remainder (21.1%) existed between regions. Per¬ 
mutation tests indicated significant genetic structuring 
within populations, between populations, and between 
regions (O = 0.133 to 0.367); pairwise comparisons at all 
levels were significant at p<0.01. PCoA suggested com¬ 
plete separation of OK from the ARK populations, and lit¬ 
tle overlap between the three ARK populations (Figure 6). 



coordinate 1 


Figure 5. Principal coordinates analysis of ISSR genetic distances from the ‘small’ study showing overlap of populations. Popula¬ 
tions labeled as in Figure 2. 
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Figure 6. Principal coordinates analysis of ISSR genetic distances from the ‘large’ study showing separation of populations. Popu¬ 
lations labeled as in Figure 2. 


Table 3. Results of the ‘small’ study AMOVA. Regions were 
spring (S populations), and creek above (C) and below (B) con¬ 
fluence with the spring. 


Source 

d.f. 

o 

% total 
variation 

P 

value 

Within populations 

108 

0.054 

95.86 

0.014 

Between populations within 
regions 

10 

0.007 

0.23 

0.274 

Between regions 

1 

0.047 

3.91 

0.005 


Table 4. Results of the ‘large’ study AMOVA. Regions were 
either Arkansas or Oklahoma. 


Source 

d.f. 

o 

% total 
variation 

P 

value 

Within populations 

196 

0.332 

66.80 

<0.01 

Between populations within 
regions 

2 

0.153 

12.10 

<0.01 

Between regions 

1 

0.211 

21.10 

<0.01 


Discussion 

Freshwater taxa from the same region tend to share evo¬ 
lutionary history, resulting in replicated patterns of bio¬ 
geography and speciation (Walker and Avise 1998, Carini 
and Hughes 2006). This is true in the interior highlands, 
where the Ozark and Ouachita drainages represent sep¬ 
arate areas of endemism (reviewed in Hoagstrom et al. 
2014). Phylogenies of freshwater mussels reflect these 
patterns (Serb and Barnhart 2008, Inoue et al. 2013, 
Chong et al. 2016), but they remained unexplored in 
freshwater snails. Our nuclear ISSR data suggest that 
Elimia potosiensis exhibits genetic population differen¬ 


tiation, even at small geographic scales, while our mi¬ 
tochondrial data show no evidence of phylogeography 
across the species range. 

Our analyses of mitochondrial 16S sequences suggest¬ 
ed no genetic structuring. Mitochondrial haplotypes did 
not group together in our TCS network, and we recovered 
E. potosiensis in four well-supported clades instead of 
a single clade. However, we could not reject the mono- 
phyly of E. potosiensis based on our data. No statistical 
support existed for genetic structure within populations, 
within river drainages, or within populations or drainages 
in each of the four clades. We observed no evidence of 
heteroplasmy to suggest nuclear analogs of mitochon- 
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drial sequences (“numts”) in our data, nor did we find 
any biogeographic groupings of sequences that would 
suggest cryptic taxa. What we did observe, however, was 
a pattern where E. potosiensis sequences comprised mul¬ 
tiple well-supported divergent clades. As mentioned pre¬ 
viously, this is frequently observed in freshwater snails 
including pleurocerids using mitochondrial markers. 
Whelan and Strong (2016) showed that the pattern ex¬ 
ists across multiple valid species, is not limited to spe¬ 
cific taxa, and becomes more apparent as additional se¬ 
quences from each population are included in an analysis. 
The maximum number of individuals we sequenced for 
a single population was five, and two of these individu¬ 
als exhibited the highest pairwise sequence divergence. 
We predict that additional E. potosiensis samples would 
only increase the observed sequence diversity while not 
increasing phylogenetic resolution. Whelan and Strong 
(2016) proposed that balancing selection might keep di¬ 
vergent haplotypes in pleurocerid populations. Our Ta- 
jima’s D of 0.894 suggests balancing selection of 16S 
haplotypes in E. potosiensis, though population reduction 
and migration can generate similar results (Maruyama 
and Fuerst 1985, Simonsen et al. 1995). 

Four nominal morphospecies comprise the modem no¬ 
tion of E. potosiensis (Burch and Tottenham 1980): E. po¬ 
tosiensis (Lea, 1841), a narrow-range species from Mis¬ 
souri; E. crandalli (Pilsbry, 1890), endemic to Mammoth 
Springs, Arkansas; E. ozarkensis (Call, 1886), found in 
springs in north Arkansas; and E. plebejus (Gould, 1850), 
the most widespread and the shell form currently associ¬ 
ated with E. potosiensis. While E. potosiensis does pos¬ 
sess shell variation that may have an environmental com¬ 
ponent (Minton et al. 2011), no additional data supports 
recognition of any separate morphological entities. Jones 
and Branson performed detailed examinations of internal 
anatomy and radula structure of all four nominal E. po¬ 
tosiensis taxa, noting that, without their shells, internal 
structures of the morphotypes “...can not be separated” 
(Jones and Branson 1964: 60), and that the shell varia¬ 
tions seen among the forms could be found throughout 
the species’ range. They thus treated E. potosiensis as 
single species exhibiting shell plasticity, where morpho¬ 
logical “...variation is the rule rather than the exception” 
(Jones and Branson 1964: 60). This anatomical data, 
combined with our inability to reject the monophyly of E. 
potosiensis, lead us to support the current notion (Burch 
and Tottenham 1980, Johnson et al. 2013) that E. poto¬ 
siensis is a single widespread species. 

While we saw no broad scale genetic patterns in E. po¬ 
tosiensis, our two IS SR studies suggested population-lev¬ 
el genetic stmcturing. Our ‘small’ study of ten individuals 
from each of 12 populations represented a pilot study as 
well as our first effort with ISSRs. In it, we were able to 
characterize 22 bands visualized on agarose gels using six 
primers. The AMOVA suggested that most of the genet¬ 
ic variation was within each population, but that a small 
(Haiti and Clark 1997) yet significant amount of differ¬ 
ence existed between the spring and two creek regions. 


We predict that the spring is isolated from the creek by 
the one meter of elevation, as the spring run fiows over 
a rocky ledge and into the creek below. This normally 
serves as an isolating mechanism between populations in 
the two channels. Snails within each channel can migrate 
upstream and downstream freely, and during heavy rains 
and Hooding conditions, the creek can crest above the 
spring. This could potentially carry individuals from the 
spring into the creek and vice-versa, and may explain the 
low pairwise O values observed between populations and 
lack of PCoA clustering (Wilmer et al. 2011). Our ‘large’ 
study showed complete differentiation of the four popu¬ 
lations examined with high levels of genetic differentia¬ 
tion at all population and region levels (Haiti and Clark 
1997). We used large numbers of individuals and mark¬ 
ers, both of which increase the resolution and accuracy of 
population genetic studies (Ruzzante 1998, Kalinowski 
2005), and utilized polyacrylamide gels to better visual¬ 
ize bands. Our AMOVA and PCoA suggested that each 
population is genetically distinct from the others. 

Two issues we identified in our ‘small’ study were the 
low number of bands resolved by our primers and the 
small sample sizes from each population. Our band total 
for six primers was comparable to the number generated 
by a single primer in other studies, and is likely indicative 
of two factors. First, choice of our primer sequences was 
probably not ideal, employing dinucleotide repeats and/ 
or degenerate 5’-bases ahead of the repeated portion. Re¬ 
sults from the literature suggest that trinucleotide repeats 
and 3’-degenerate anchors after the repeats increase res¬ 
olution and repeatability (Godwin et al. 1997). Second, 
we visualized our bands on agarose instead of polyacryl¬ 
amide. Agarose has far less resolving power, and multiple 
bands in a small range of sizes might not have been iden¬ 
tifiable on our gels (Stift et al. 2003). In regards to sam¬ 
ple size, many studies recommend thirty individuals per 
population (Pruett and Winker 2008, Hale et al. 2012). 
Our AMOVA suggested treating the regional groupings 
as populations, where we were able to resolve significant 
structuring on a small spatial scale given the now larger 
sample sizes. The differences in our ‘small’ and ‘large’ 
studies highlighted the importance of having the appro¬ 
priate number of markers and individuals. 

Our study also highlighted the need for novel and use¬ 
ful genetic markers for pleurocerid conservation. Near¬ 
ly 80% of all pleurocerids are imperiled (Johnson et al. 
2013), and most species designations still rely on shell 
morphology. The genetic species and population structure 
of most pleurocerid taxa remains unknown. Our study 
provides the latest example where gene sequences are not 
useful in delineating neither population nor species-lev- 
el boundaries. Results from analyses of mitochondrial 
gene sequences are mixed, generating far less resolution 
(e.g. Minton and Savarese 2005, Minton 2013) than un¬ 
certainty (reviewed in Whelan and Strong 2016). Single 
mitochondrial gene sequences, even from the same popu¬ 
lation, can differ by over 20%, which can lead to hypothe¬ 
ses of species non-monophyly and aberrant biogeography 
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(Dillon and Robinson 2009). Nuclear gene sequences, on 
the other hand, are too highly conserved in pleurocerids 
to be useful (Whelan and Strong 2016). Other forms of 
nuclear data, however, such as allozymes and now ISSRs, 
have demonstrated utility in population genetic studies. 
Allozymes have been used to show genetic connectivi¬ 
ty in various pleurocerid genera (Chambers 1980, Dillon 
1984, Stein and Stansbery 1984, Dillon 2014), and herein 
our data suggests ISSRs show promise across large and 
small geographic levels. No published applications of 
more modern population genetic techniques (microsatel¬ 
lites, SNPs, etc.) are available, but we hope that they too 
will be useful in understanding pleurocerids. The contin¬ 
ued development of consistently useful tools is needed 
to help properly understand genetic population and spe¬ 
cies structure in pleurocerids, especially in a conservation 
contexts before more taxa are lost. 
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Abstract 

A recent study on a group of rough-skinned Gephyromantis frogs from Madagascar (An¬ 
ura; Mantellidae; Mantellinae) established a new subgenus, Asperomantis, with five de¬ 
scribed species and one undescribed candidate species. Based on newly collected mate¬ 
rial from the Bealanana District, we address the taxonomy of this candidate species, and 
reveal that it consists of two populations with low genetic and morphological divergence 
but considerable bioacoustic differences that are obvious to the human ear. As a result, 
we describe some of the specimens formerly assigned to Gephyromantis sp. Ca28 as G. 
angano sp. n. and assign the remaining specimens from a locality between Bealanana 
and Antsohihy to a new Unconfirmed Candidate Species, G. sp. Ca29. Gephyromantis 
angano sp. n. is a small species that strongly resembles G. asper and G. ceratophrys, 
but it differs from these and all other Gephyromantis species by a unique, clinking adver¬ 
tisement call. The new species may be highly threatened by habitat fragmentation, but at 
present we recommend it be treated as Data Deficient until more data are available to as¬ 
sess its distribution. We discuss the curious relationship between G. angano sp. n. and G. 
sp. Ca29, which we suspect may represent a case of incipient speciation. We also identify 
two additional new Unconfirmed Candidate Species of Gephyromantis based on sequence 
data from other specimens collected during our surveys in the Bealanana District. 


Introduction 

Madagascar’s 317 nominal frog species belong to six 
families: Mantellidae Laurent, 1946 (213 species), Mi- 
erohylidae Gunther, 1858 (91 species), Hyperoliidae 
Laurent, 1943 (11 species), Ptychadenidae Dubois, 
1987 (1 species), Dicroglossidae Anderson, 1871 
(1 species, introduced), and Bufonidae Gray, 1825 (1 


speeies, introdueed) (AmphibiaWeb 2017). Mantellidae 
is the island’s most diverse radiation, and among the 
amphibians, the only family-level unit wholly endem¬ 
ic to Madagascar and the nearby Comoros (two unde- 
seribed speeies are found on nearby Mayotte; Venees et 
al. 2003). It is divided into three subfamilies, of which 
the Mantellinae Laurent, 1946 is the most diverse, com¬ 
prising 129 species in seven genera. The most diverse of 
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these genera is Gephyromantis Methuen, 1920, with 42 
nominal species. 

Gephyromantis is currently divided into six subgenera: 
Asperomantis Vences, Kohler, Pabijan, Bletz, Gehring, 
Hawlitschek, Rakotoarison, Ratsoavina, Andreone, Crot- 
tini & Glaw, 2017, Duboimantis Glaw & Vences, 2006, 
Gephyromantis Methuen, 1920, Laurentomantis Dubois, 
1980, Phylacomantis Glaw & Vences, 1994, and Vato- 
mantis Glaw & Vences, 2006 (Kaffenberger et al. 2012, 
Vences et al. 2017). In their recent study, Vences et al. 
(2017) erected the subgenus Asperomantis for the Ge¬ 
phyromantis asper clade, which contains five nominal 
species: G. ambohitra (Vences & Glaw, 2001), G asper 
(Boulenger, 1882), G. ceratophrys (Ahl, 1929), G. taho- 
tra Glaw, Kohler & Vences, 2011, and G spinifer (Blom- 
mers-Schlosser & Blanc, 1991). A sixth species that was 
identified by Perl et al. (2014), G sp. Ca28, clearly be¬ 
longs to this subgenus as well based on its morphology 
and genetic affinities (Vences et al. 2017). It was original¬ 
ly detected based on DNA sequences of a specimen from 
‘Antsahan’i Ledy’, and later two additional specimens 
from a site between Bealanana and Antsohihy were added 
to it (Vences et al. 2017), but no adult male specimen or 
bioacoustic data have been available until now. 

Here, we address the taxonomy of G sp. Ca28 using 
an integrative taxonomic approach based on bioacous¬ 
tics, morphology, morphometries, and genetics, from new 
material collected between December 2015 and January 
2016. We also provide additional sequence data and new 
localities for a selection of Gephyromantis species en¬ 
countered during the collection of the new species. 

Materials and methods 

Fieldwork was conducted at two sites: Ampotsidy moun¬ 
tains, near Beandrarezona (14.410-14.432°S, 48.710- 
48.727°E) in the Bealanana District of the Sofia Region 
between the 17* of December 2015 and 9* of January 
2016; and in several small forest fragments near the south¬ 
ern border of the Bealanana District (14.701-14.758°S, 
48.493^8.587°E) between the 13* and 17* of January 
2016. These two locations are separated by ca. 40 km. 

Specimens were captured by hand, euthanized using 
MS222, fixed in -90% ethanol, and kept thereafter in 
75% ethanol. Prior to fixation, a piece of muscle from the 
thigh was taken as a tissue sample for subsequent DNA 
analysis, deposited in 99% ethanol. Field numbers refer 
to Mark D. Scherz (MSZC), Miguel Vences (ZCMV), 
and David R. Vieites (DRV). Institutional abbreviations 
are: ZSM (Zoologische Staatssammlung Miinchen), and 
UADBA-A (Universite d’Antananarivo Departement de 
Biologic Animale, Amphibiens). 

Call recordings were made with a Sennheiser KE66+K6 
super-cardioid microphone on a Marantz PMD 661 MKII 
field recorder, at 44.1 kHz sampling. Bioacoustic analysis 
was performed in COOE EDIT PRO. Frequency informa¬ 
tion was obtained through Fast Fourier Transformations 


(FFT; width 1024 points). Spectrograms were obtained 
with a Hanning window of 512-bands resolution. Tempo¬ 
ral measurements are given as mean ± standard deviation 
with range in parentheses. Terminology in call descrip¬ 
tions follows the call-centred terminology of Kohler et 
al. (2017). Recordings are deposited in the Animal Sound 
Archive of the Museum fur Naturkunde, Berlin and are 
provided as Supplementary materials \-A. 

We analysed a segment of the mitochondrial DNA 
(mtDNA) 16S rRNA gene {16S). We used a salt-extrac¬ 
tion protocol to extract DNA from tissue samples as de¬ 
scribed by Kaffenberger et al. (2012). We PCR-amplified 
the 16S segment used as standard for barcoding Madagas¬ 
can amphibians (Vences et al. 2005, Vieites et al. 2009) 
with the primer pairs AC16SAR-E/AC16SBR-H (Crot- 
tini et al. 2014) and 16SFrogEl/16SFrogHl (Vences et 
al. 2010). Purification of PCR product was done using 
Exonuclease I and Shrimp Alkaline Phosphatase diges¬ 
tion. Amplicons were sequenced using the BigDye v. 3.1 
cycle sequencing chemistry on a 3130x1 genetic analyser 
(Applied Biosystems). Assembly and quality-checking 
was performed in CODONCODE AEIGNER v. 3.0.3 
(CodonCode Corporation). Newly generated sequences 
were deposited in GenBank under accession numbers 
MF768444-MF768467. 

Comparative sequences were retrieved from Vieites et 
al. (2009) and Vences et al. (2017), for almost all known 
Gephyromantis species including candidate species, for 
a total of 123 terminals. We aligned sequences using the 
ClustalW algorithm in MEGA7 (Kumar et al. 2016), with 
Boophis madagascariensis (Mantellidae: Boophinae) 
and Guibemantis liber (Mantellidae: Mantellinae) as hi¬ 
erarchical outgroups. Gaps were treated as missing data. 
Due to the short length of the alignment, hypervariable 
regions were not removed. Uncorrected pairwise distanc¬ 
es (p-distances) between and within species in the 16S 
dataset were calculated using MEGA7. 

Phylogenies were calculated using Bayesian Inference 
(BI) in MRBAYES v. 3.2.6 (Ronquist et al. 2012) under 
the JC69 model in order to reduce the risk of over-pa- 
rameterisation with our small dataset. The Markov chain 
Monte Carlo sampling included two runs of four chains 
each (three heated, one cold) sampled every 10^ genera¬ 
tions for a total of 10*^ generations. The first 25% of sam¬ 
ples were discarded as burn-in. Parameter convergence 
was assessed in TRACER v 1.5 (Rambaut and Drum¬ 
mond 2007). For comparative purposes, we ran a maxi¬ 
mum likelihood (ME) tree in RAXME (Stamatakis 2014) 
with 500 bootstrap replicates under the GTR+G model. 

Morphometries of the new material were obtained for 
comparison primarily with values reported by Vences et 
al. (2017). Measurements were taken by MV to the near¬ 
est 0.1 mm with a precision calliper, for the following 
characters (reiterated verbatim from Vences et al. 2017): 
snout-vent length (SVE), maximum head width (HW), 
head length from posterior maxillary commissure to 
snout tip (HE), horizontal eye diameter (ED), horizontal 
tympanum diameter (TD), distance from eye to nostril 
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(END), distance from nostril to snout tip (NSD), distance 
between nostrils (NND), foot length (FOE), foot length 
including tarsus (FOIE), hindlimb length from cloaca to 
tip of longest toe (HIE), forelimb length from axilla to tip 
of longest finger (FORE), length and width of femoral 
gland (FGE, FGW), and number of femoral gland gran¬ 
ules (EGG) given as left/right. Webbing formulae follow 
Blommers-Schlosser (1979); femoral gland terminology 
follows Glaw et al. (2000). 

The electronic version of this article in Portable Doc¬ 
ument Format (PDF) will represent a published work ac¬ 
cording to the International Commission on Zoological 
Nomenclature (ICZN), and hence the new names con¬ 
tained in the electronic version are effectively published 
under that Code from the electronic edition alone. This 
published work and the nomenclatural act it contains 
have been registered in ZooBank, the online registration 
system for the ICZN. The ZooBank FSIDs (Fife Science 
Identifiers) can be resolved and the associated information 
viewed through any standard web browser by appending 
the FSID to the prefix http://zoobank.org/. The FSID for 
this publication is urn:lsid:zoobank.org:pub:7EE704F2- 
05B4-48D1-AE41-929676D91E08. The online version 
of this work will be archived and made available from the 
following digital repositories: CFOCKSS andZenodo. 

Results 

During fieldwork in Ampotsidy we encountered several 
Gephyromantis species. Most notable among these was 
an abundant species of the subgenus Asperomantis, with 
a characteristic, high pitched, clinking call. Eater, during 
fieldwork ca. 40 km SSW, near the road between Beala- 
nana and Antsohihy in a forest patch locally called Andra- 
nonafindra, we encountered another relatively abundant 
Asperomantis with a lower, rasping call, similar to that 
called "Gephyromantis sp. aflf. ambohitra’’ in Vences et al. 
(2006). Genetically the former population is assignable to 
the first specimen of G. sp. Ca28 from Antsahan’i Fedy, 
whereas the latter is assignable to the specimens from 
between Antsohihy and Bealanana (very near Andranon- 
afindra) added to this candidate species by Vences et al. 
(2017) (genetics are discussed and displayed in more 
detail below). We investigated whether these specimens 
represented one or two species using an integrative ap¬ 
proach based on bioacoustics, morphology, and molecu¬ 
lar phylogenetics. 

Bioacoustics 

Advertisement calls of the Asperomantis species from 
Ampotsidy and from Andranonafindra exhibited strong 
and clear differences in call parameters. To illustrate these 
differences, we here describe these calls: 

Ampotsidy. Based on call voucher ZSM 68/2016 
(MSZC 0172): Calls recorded at 22h40 on the 8* of Jan¬ 
uary, 2016, 50 cm above the ground on a fern above a 
muddy spring in primary rainforest, calling as part of a 


small chorus, at 14.41949°S, 48.71938°E, 1340 m a.s.L, 
at an estimated air temperature between 15 and 20°C 
(Fig. 1, Suppl. material 1). Call series are composed 
of 9-25 (mean 16.7 ± 6.5, n = 6) rapidly emitted, short 
(call duration 41-98 ms, mean = 59.4 ± 10.4 ms, n = 27), 
unpulsed, tonal, single-note calls (call series duration 
2798-5917 ms, n = 6), with silent inter-call intervals of 
148-239 ms (mean 193 ± 22 ms, n = 25). The inter-series 
intervals are highly variable (26.0-64.2 s, 41.5 ± 20 s, n 
= 3). Before some call series, one or two pairs of calls are 
released, here termed ‘warm-up calls’, which we here do 
not consider as part of a call series, as some other series 
do not include these. The silent interval between warm¬ 
up calls and main call series is 1233-1335 ms (n = 2). 
The call series is amplitude modulated, with the initial 
few calls being of considerably lower amplitude than the 
subsequent calls, followed by calls at constant amplitude 
until the end of the series. Dominant frequency of calls is 
3803 ± 59 Hz (3703-3875 Hz, n = 6), with a 90% band¬ 
width from ca. 3700 to ca. 4050 Hz. Other calls recorded 
were not vouchered, but shared these parameters (Suppl. 
material 2). Calls highly similar to the human ear in fre¬ 
quency and structure were heard on a daily basis from 
numerous individuals across several sites up to three kilo¬ 
metres from the coordinates of this specimen during the 
three week observation period, sometimes in extremely 
motivated, dense choruses. We infer these calls to be typ¬ 
ical advertisement calls as they occurred both in isolation 
and in dense choruses, and no other calls were heard from 
these frogs. 

Andranonafindra: Based on call voucher ZSM 58/2016 
(MSZC 0196): Calls recorded at 18h40 on the 14* of Jan¬ 
uary, 2016 on a broad fleshy leaf 4 m from a slow stream 
in degraded primary rainforest, calling as part of a large 
chorus, at 14.73600°S, 48.54831°E, 1180 m a.s.L, at an 
estimated air temperature of 17-23°C (Fig. 2, Suppl. ma¬ 
terial 3). Call series are ill-defined, composed of an in¬ 
definite number of rapidly emitted, short (call duration 
51-96 ms, 59.8 ± 13 ms, n = 10), single-note calls, each 
of which is highly pulsed containing 16-21 pulses (mean 
18.2 ± 1.4, n = 10), the maxima of which are separated by 
2-3 ms (mean 2.8 ms ± 0.4, n = 10). Calls are generally 
separated by inter-call intervals of 210-268 ms duration 
(mean 226.3 ± 16.3, n = 10, silence of these intervals is 
inferred as background calls and noise in the recording 
make it difficult to be certain of silence). Each call is am¬ 
plitude modulated, with greatest energy at the beginning, 
decreasing toward the end of the call, but the call series 
shows no pattern of modulation (Fig. 2). Dominant fre¬ 
quency of calls is 3703 ± 0 Hz (n = 10), with a 90% band¬ 
width from ca. 1560 to ca. 3800 Hz. Calls of a second 
vouchered specimen, ZSM 59/2016 (MSZC 0203), from 
the same locality, had the same structure as ZSM 58/2016, 
but were shorter (16-68 ms, 44.0 ± 15.4 ms, n = 10), had 
slightly fewer pulses (3-19, mean 11.5 ± 4.9, n = 10), and 
had shorter inter-call intervals (169.0 ± 53 ms, 97-243 
ms, n = 10), but roughly the same dominant frequency 
(3716 ± 86 Hz, 3617-3875 ms, n= 10) (Suppl. material 4). 
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Figure 1. Spectrogram (above) and oscillogram (below) of a call series of the holotype of Gephyromantis angano sp. n., ZSM 
68/2016 (MSZC 0172) from Ampotsidy. For the conditions of the call, see the text. The call is provided in Suppl. material 1. 
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Figure 2. Spectrogram (above) and oscillogram (below) of a part of a long call series of Gephyromantis sp. Ca29 (ZSM 58/2016 = 
MSZC 0196) from Andranonafindra. For the conditions of the call, see the text. Note that in between the calls of the main recorded 
male (closest to the microphone), other males can be heard. In the second half of the spectrogram, five calls of the male closest to 
the microphone are marked with small arrows. The call is provided in Suppl. material 3. 
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G. ambohitra Manongarivo 



G. ambohitra Montagne d’Ambre 



G. tahotra Marojejy 



G, tahotra Sorata 




Time (ms) 


G. asper Mandraka 



G. ceratophrys Ranomafana 



G. sp. Ca29 Andranonafindra _ 

I 'f f f I "f 



Figure 3. Bioacoustic differences among Gephyromantis (Asperomantis) species, as evident from oscillograms of their calls, adapt¬ 
ed from Vences et al. (2017) in comparison with Gephyromantis angano sp. n. and Gephyromantis sp. Ca29. 


Calls highly similar to the human ear in frequency and 
structure were heard on two non-consecutive nights in the 
vicinity of the recorded specimens during the brief sur¬ 
vey period in this area of forest, but were not heard in 
other nearby patches of forest in between these nights. 
However, no suitable habitats (slow-flowing, shallow 
water) were found in the other surveyed forest patches, 
so their absence was anticipated. We suppose these calls 
also to be advertisement calls as the circumstances un¬ 
der which they were recorded were similar to those under 
which specimens from Ampotsidy were observed, but the 
observation period was admittedly much shorter and the 
sample size is small. 

The advertisement calls of both of these populations 
are distinct from all other Asperomantis species (see 
Fig. 3, and compare data provided in Vences et al. 2017). 
By their short call duration, they are slightly similar to 
calls of G. asper and G ceratophrys, but differ by longer 
note duration (mean 59.4 ± 10.4 ms vs. mean range 10.3- 
28.6 ms in G asper and G. ceratophrys), by being even¬ 
ly spaced (rather than arranged in fast call groups as in 
G. asper), and apparently by being more rapidly repeated 
than in G. ceratophrys (Fig. 3). 


The vocalizations from Ampotsidy and Andranonafln- 
dra are also different from one another, especially in that 
specimens from Ampotsidy emit a tonal, unpulsed call in 
a clearly defined call series, whereas specimens from An- 
dranonaflndra emit a rough, strongly pulsed call without 
clear call series formulation. The sound impression of calls 
from both populations is very different to the human ear, 
mostly as a result of the tonal calls of specimens from Am¬ 
potsidy as opposed to the pulsed calls of specimens from 
Andranonafindra, although their temporal parameters are 
remarkably similar (call duration 59.4 ± 10.4 ms vs. 59.8 ± 
13 ms; inter-call interval duration 193 ± 22 ms vs. 226.3 ± 
16.3 ms). Thus the measured differences are smaller than 
those between other species in the subgenus Asperoman¬ 
tis (Fig. 3), but the calls are as distinguishable from one 
another. It is possible that the different calls represent two 
separate call types of the same species, as is known from 
G tahotra (Glaw et al. 2011; Fig. 3; discussed below). 
However, in either location only one of the respective call 
types was heard, unlike in G tahotra, where both call types 
can be heard simultaneously or independently in a single 
population and switching among calls appears to occur 
sporadically (e.g. within a single evening). 


zse.pensoft.net 












































456 


Scherz, M.D. et al.: A new frog species of the subgenus Asperomantis... 


Morphology and colouration 

Morphological measurements are given in Table 1. The new¬ 
ly collected adults are smaller than most other Asperomantis 
material, resembling in size primarily G. asper and G cer- 
atophrys. Male specimens from Ampotsidy and Andranon- 
afindra are highly similar, and the only notable difference 
is body size (SVL 29.1-29.6 mm [n = 2] in Ampotsidy vs. 
30.6-32.7 mm [n = 2] in Andranonafindra). There is a slight 
difference in the shape of the femoral glands, with those of 
specimens from Ampotsidy being slightly longer relative to 
their width than those of specimens from Andranonafind¬ 
ra. The number of femoral gland granules between the two 
species overlaps, being exceptionally variable in specimens 
from Ampotsidy with 26-69 granules per gland, whereas 
specimens from Andranonafindra have 42-49 (note that not 
all values are reported in Table 1 as some specimens from 
which granule number could be counted from photos were 
not available for measurements). Females were not available 
from Andranonafindra. All other measurements do not differ. 
The colouration of specimens is also similar (see photos in 
life below), and it must be noted that colouration is highly 
variable in all Asperomantis species (Vences et al. 2017). In 
summary, the morphological differences between these pop¬ 
ulations are on par with both inter- and intraspecific variation 
of other Asperomantis species (Vences et al. 2017). 

Molecular phylogenetics 

We produced new 16S DNA sequences for 20 specimens. 
Our 16S alignment of these and 103 other terminals contained 
619 characters and a total of283 variable sites, of which 241 
were parsimony informative (excluding outgroups). BI and 
ML phylogenies of the 16S alignment agreed in topology of 
the Asperomantis subgenus (Fig. 4), with small differenc¬ 
es in other subgenera throughout the genus Gephyromantis 
(Suppl. material 5); the overall tree topology agrees well 


with more comprehensive multi-gene studies (Kaffenberg- 
er et al. 2012). Support for the BI tree was generally high, 
whereas support for the ML phylogeny was rather low (Fig. 
4, Suppl. material 5). Uncorrected pairwise distances (p-dis- 
tances) are given for Asperomantis in Table 2 and for all oth¬ 
er Gephyromantis species in Suppl. material 6. Specimens 
from Ampotsidy and Andranonafindra belong to four or five 
species: G sp. Ca28 (one or two species; discussed in the 
next paragraph), G tahotra, G horridus (3% divergent from 
other G horridus and recovered with negligible support as 
closer related to G ranjomavo in our tree, so requiring clos¬ 
er investigation), and two divergent lineages well over 3% 
genetically divergent from all other Gephyromantis species, 
identified here as Unconfirmed Candidate Species sensu 
Vieites et al. (2009) for the first time, G sp. Ca30 (a Dubo- 
imantis with affinities to G tandroka, separated by 6.4% 
uncorrected p-distance) and G sp. Ca31 (a Phylacomantis 
with affinities to G azzurrae, separated by 5.5% uncorrected 
p-distance; Suppl. material 6). 

Populations of Gephyromantis sp. Ca28 from Ampotsi¬ 
dy and Andranonafindra are genetically assortative; speci¬ 
mens from Ampotsidy cluster with a specimen from Antsa- 
han’i Ledy, while specimens from Andranonafindra cluster 
with specimens from between Antsohihy and Bealanana 
(Fig. 4; the names G. angano sp. n. and G. sp. Ca29 for 
these two populations are used pre-emptively here and 
in Table 1 and Fig. 3). These clades have an uncorrect¬ 
ed p-distance between them of 1.0-3.0% (Table 1). This 
distance is below the typical threshold of genetic distance 
used to identify candidate species based on 16S DNA bar¬ 
code sequence data (Vieites et al. 2009), and agrees with 
intraspecific distances among other species of Asperoman¬ 
tis (see Table 2). Note that the intraspecific variation in G. 
ambohitra is exceptionally high as a result of the distance 
between its two clades (Fig. 4) of 5.6-7.1%; distances 
within these clades are 0.4—2.1% (data not shown). On the 


Table 1. Morphological measurements of Gephyromantis angano sp. n. (formerly G. sp. Ca28) from Ampotsidy and Antsahan’i 
Ledy, and G. sp. Ca29 from Andranonafindra, plus two newly collected specimens of G. tahotra from Ampotsidy. All measurements 
are given in mm. Measurement abbreviations are given in the Materials and methods. The bolded specimen is the holotype of the 
new species described below. 


Species 

Field 

number 

Sex 

SVL 

HW 

HL 

TD 

ED 

END 

NSD 

NND 

FORL 

HAL 

HIL 

FOIL 

FOL 

TIBL 

FGG 

FGL 

FGW 

G. angano 

(Ampotsidy) 

MSZC 

0172 

M 

29.6 

10.4 

11.0 

2.7 

3.8 

3.0 

1.8 

2.8 

19.1 

9.3 

53.7 

23.3 

15.8 

17.2 

36/ 

44 

6.6 

3.0 

G. angano 
(Ampotsidy) 

MSZC 

0021 

M 

29.1 

9.9 

11.0 

2.5 

3.7 

3.2 

1.7 

2.4 

18.3 

8.8 

50.2 

22.3 

15.2 

16.0 

30/ 

26 

6.2 

2.4 

G. angano 
(Ampotsidy) 

MSZC 

0112 

F 

30.5 

9.8 

11.4 

2.3 

3.8 

3.3 

1.9 

2.4 

20.0 

9.6 

54.3 

23.7 

15.9 

17.8 

n/a 

absent 

absent 

G. angano 
(Antsahan’i Ledy) 

ZSM 

1731/ 

2010 

F 

26.2 

8.8 

10.4 

2.2 

3.4 

2.8 

1.4 

2.2 

18.1 

8.4 

50.1 

21.6 

15.6 

15.5 

n/a 

absent 

absent 

G. sp. Ca29 
(Andranonafindra) 

MSZC 

0203 

M 

30.6 

10.5 

13.1 

2.4 

4.0 

3.5 

1.7 

2.6 

18.7 

9.0 

54.3 

23.8 

16.0 

17.4 

48/ 

47 

6.2 

3.1 

G. sp. Ca29 
(Andranonafindra) 

MSZC 

0196 

M 

32.7 

10.7 

12.0 

3.0 

4.0 

3.3 

2.0 

2.7 

20.3 

9.9 

54.9 

24.6 

16.8 

17.5 

42/ 

49 

6.1 

2.9 

G. tahotra 
(Ampotsidy) 

MSZC 

0142 

M 

32.0 

11.9 

12.2 

2.5 

4.3 

3.2 

2.0 

2.8 

19.8 

10.5 

59.4 

26.1 

18.0 

19.0 

7/3 

indistinct 

indistinct 

G. tahotra 
(Ampotsidy) 

MSZC 

0148 

M 

33.4 

11.7 

12.9 

3.1 

4.3 

3.4 

2.4 

3.0 

20.1 

10.8 

60.0 

26.2 

18.1 

19.3 

22/ 

22 

indistinct 

indistinct 
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Figure 4. Phylogenetic relationships of the subgenus Asperomantis, reconstructed by Bayesian Inference analysis of a fragment 
of the mitochondrial 16S rRNA gene. Numbers above nodes denote Bayesian Posterior Probability (PP) from Bayesian Inference 
analysis; numbers below nodes indicate bootstrap support (%) from Maximum Likelihood analysis. PP lower than 0.9 and bootstrap 
support lower than 70% are not shown. Other Gephyromantis and outgroups are shown in Suppl. material 5. Numbers before taxon 
names are GenBank numbers; numbers after taxon names are field numbers. 


other hand, the Ampotsidy and Andranonafindra sequences 
differ from all dQschhQd Asperomantis species by high dis¬ 
tances of 3.3-9.3% and are phylogenetically distinct from 
other Asperomantis. It is thus clear that the current tax¬ 
onomy requires revision and the bioacoustic and genetic 
distinctness of these frogs needs to be carefully evaluated. 

Taxonomic conclusions 

Genetically, specimens from Ampotsidy+Antsahan’i 
Ledy and Andranonafindra+Bealanana-Antsohihy are 
separated by 1-3% in the segment of the 16S rRNA 
gene typically used for candidate species designation 


in Madagascan amphibians (Vieites et al. 2009). This 
is relatively low, and the typical threshold for establish¬ 
ment of candidate species (3% uncorrected p-distance) 
is barely achieved. However, bioacoustics tells a differ¬ 
ent story: the differences in the sound of the call (tonal 
and unpulsed vs. noisy and pulsed; fairly short, isolated 
series vs. long, ill-defined series) are remarkable. Mor¬ 
phological data among these populations are equivocal; 
although males from Ampotsidy are smaller than those 
from Andranonafindra and the dimensions of their femo¬ 
ral glands differ somewhat, all other characters show no 
distinction among the populations, albeit with low sample 
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Table 2. Uncorrected pairwise distances among members of the subfamily Asperomantis in the 16S marker; the diagonal values 
refer to intra-specific distinction. For uncorrected p-distances for the whole genus Gephyromantis, see Supplementary material 6. 



1 

2 

3 

4 

5 

6 

7 

1. Gephyromantis sp. Ca29 

0.0% 







2. Gephyromantis angano sp. n. 

1.0-3.0% 

0.0-0.2% 






3. Gephyromantis tahotra 

6.5-8.9% 

7.3-9.3% 

0.0-3.3% 





4. Gephyromantis ceratophrys 

6.1-6.5% 

6.0-6.7% 

6.9-8.2% 

0.0% 




5. Gephyromantis asper 

3.3-4.5% 

3.9-5.9% 

6.1-8.6% 

7.1-7.8% 

0.0-1.4% 



6. Gephyromantis spinifer 

4.9-6.7% 

5.3-7.5% 

7.9-9.4% 

7.6-7.8% 

5.2-7.3% 

0.6-3.1% 


7. Gephyromantis ambohitra 

6.7-8.5% 

7.4-9.3% 

11.5-14.8% 

11.0-11.3% 

9.6-11.7% 

9.7-11.8% 

0.0-7.1% 


sizes. This is typical of some Asperomantis species how¬ 
ever, and a similar lack of morphological difference is to 
be found between G. asper and G ceratophrys (Vences 
etal. 2017). 

In summary, evidence from mitochondrial DNA, bi¬ 
oacoustics, and morphology currently suggests a weak 
degree of differentiation between these two populations, 
with the greatest differences being in sound and structure 
of the advertisement calls. It may thus be possible that 
both of these forms represent separate species. We there¬ 
fore assign the populations from Andranonafindra and 
Bealanana-Antsohihy a new candidate species number, 
Gephyromantis sp. Ca29, and consider it an Unconfirmed 
Candidate Species sensu Vieites et al. (2009). It is appar¬ 
ent however that specimens from Antsahan’i Ledy and 
Ampotsidy, representing G sp. Ca28 in the original sense 
(Perl et al. 2014), are distinct from all currently described 
Gephyromantis species. We therefore describe this form 
as a new species in the following. Whether G sp. Ca29 in¬ 
deed represents an independent evolutionary lineage also 
meriting formal description, or if it is better seen as deep 
conspecific lineage of the new species described here, can 
only be decided with further genetic and field data. 

Gephyromantis {Asperomantis) angano sp. n. 

http://zoobank.org/B 1 DA 196D-21E4-4A45-9D4A-B6E8DBF912F6 
Figures 1, 3-7, Suppl. material 1, 2, 5 

Gephyromantis sp. Ca28 — Perl et al. (2014) 

Holotype. ZSM 68/2016 (MSZC 0172), an adult male, 
collected at 22h40 on 8* January 2016 in Ampotsidy 
(14.419490S, 48.71938°E, 1340 m a.s.l.), roughly 15 km 
north of Bealanana in the Bealanana District, Sofia Re¬ 
gion, northern Madagascar, by Mark D. Scherz, James 
Borrell, Lawrence Ball, Thomas Starnes, Elidiot Razafi- 
mandimby, Denise Herizo Nomenjanahary, and Jeanne- 
ney Rabearivony. 

Paratypes. ZSM 67/2016 (MSZC 0112) adult female, 
collected at night on 30* December 2015 in Ampotsidy 
(14.417340S, 48.71858°E, 1363 m a.s.l); ZSM 69/2016 
(MSZC 0021) adult male, collected at 22h00 on 19* De¬ 
cember 2015 in Ampotsidy (14.41956°S, 48.71946°E, 
1357 m a.s.l); UADBA-A uncatalogued (MSZC 0032) 


adult male, collected in the late morning on the 2P^ De¬ 
cember 2015 in Ampotsidy (14.41435°S, 48.71155°E, 
1431 m a.s.l); UADBA-A uncatalogued (MSZC 0053) 
subadult, collected at 20h43 on 22"‘^ December 2015 in 
Ampotsidy (14.41382°S, 48.71178°E, 1443 m a.s.l); 
UADBA-A uncatalogued (MSZC 0091), an adult female 
collected at night on 30* December 2015 in Ampotsidy 
(14.41208°S, 48.71609°E, 1513 m a.s.l); all collected by 
Mark D. Scherz, James Borrell, Lawrence Ball, Thomas 
Starnes, Elidiot Razafimandimby, Denise Herizo Nomen¬ 
janahary, and Jeanneney Rabearivony. ZSM 1731/2010 
(ZCMV 12303), adult female, collected on 9* June 2010 
on the Tsaratanana massif, in the forest near camp 0 (Ant- 
sahan’i Ledy; 14.2332°S, 48.9800°E, 1207 m a.s.l.) by 
Miguel Vences, David R. Vieites, Roger-Daniel Randri- 
aniaina, Fanomezana Ratsoavina, Solohery Rasamison, 
Andolalao Rakotoarison, Emile Rajeriarison, and Theo 
Rajoafiarison. 

Diagnosis. A Gephyromantis species assigned to the sub¬ 
genus based on the presence of small dermal 

spines on the elbow and heel, presence of inner and out¬ 
er dorsal ridges as defined by Vences and Glaw (2001), 
Type 2 femoral glands sensu Glaw et al. (2000)Glaw et al. 
(2000), moderately enlarged finger and toe tips, absence 
of webbing between fingers, moderate webbing between 
toes, presence of paired blackish sub-gular vocal sacs in 
males, and a distinct whitish spot in the middle of the tym¬ 
panic field (Vences et al. 2017). DNA sequence data from a 
fragment of the 16S gene supports this assignment. Gephy¬ 
romantis angano sp. n. is characterized by the following 
suite of morphological characters: (1) adult SVL 29.1-30.5 
mm, (2) TD/ED 0.61-0.71, (3) small supraocular spines, 
(4) large femoral glands consisting of numerous small 
granules, (5) moderately raised dorsal ridges, (6) granular 
dorsal skin, (7) relatively short hindlimbs (HIL/SVL 1.73- 
1.81 in males), and (7) its unique call (see above). 

Within the subgenus Asperomantis, Gephyromantis 
angano sp. n. can be distinguished from G ambohitra, G. 
spinifer, and G tahotra by its smaller size (male SVL < 
30 mm, vs. >31 mm, female SVL up to 30.5 mm vs. >32 
mm); from G spinifer by its less granular dorsal skin and 
smaller supraocular spines; from G asper and G cerato¬ 
phrys by its generally shorter hindlimbs in males (HIE/ 
SVL 1.73-1.81 vs. 1.77-2.11); and from G ceratophrys 
by more granules per femoral gland (26-69 vs. 14-20). 
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Figure 5. The holotype of Gephyromantis angano sp. n., ZSM 68/2016 (MSZC 0172) in life in (a) dorsal, (b) ventral, and (c) lateral 
view. Scale bars indicate 10 mm. 


Bioacoustically, it is distinguished from all of these spe¬ 
cies by its call duration (41-98 ms vs. 5-AA ms in G. as- 
per and G. ceratophrys, and 98-274 ms in G. ambohitra 
and G. tahotra), unpulsed calls (vs. pulsed in G. ambohi¬ 
tra and G. tahotra), calls repeated faster than in G. cer¬ 
atophrys, and dominant frequency (3703-3875 Hz vs. 
1435-3366 Hz in G. ambohitra, and G. tahotra). 

Description of the holotype. A specimen in a good state 
of preservation, the left thigh cut for DNA tissue sample 
and to expose the inner face of the femoral gland. Snout- 
vent length 29.6 mm. For other measurements see Table 1. 
Body rather rounded; head longer than wide, as wide as the 
body; snout acuminate in dorsal view, truncate in lateral 


view; nostrils directed laterally, slightly protuberant, much 
nearer to tip of snout than to eye; canthus rostralis distinct, 
concave; loreal region concave and moderately oblique; 
tympanum distinct, round, its diameter 71% of eye diame¬ 
ter; supratympanic fold distinct, curving ventrally; tongue 
ovoid, distinctly bifid posteriorly; vomerine teeth distinct, 
in two small aggregations, positioned posteromedially to 
choanae; choanae rounded. Dark dermal fold (the inflata¬ 
ble parts of the vocal sacs) running along each lower jaw 
from commissure of mouth to middle of lower jaw. Arms 
slender, subarticular tubercles single; outer metacarpal 
tubercle very poorly developed and inner metacarpal tu¬ 
bercle relatively well developed; fingers without webbing; 
relative length of fingers 1 < 2 < 4 < 3, second finger dis- 
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Figure 6. Variation in Gephyromantis angano sp. n. (a) UADBA-A uncatalogued (MSZC 0032), adult male (FGG = 69/56), 
(b) UADBA-A uncatalogued (MSZC 0053), juvenile, (c) ZSM 67/2016 (MSZC 0021), adult male (FGG = 30/26), (d) UADBA-A 
uncatalogued (MSZC 0091), adult male (FGG = 57/55), (e) Universite d’Antsiranana uncatalogued (MSZC 0088), adult female (not 
in the type series), (f) ZSM 69/2016 (MSZC 0112), adult female. Insets show specimens in ventral view. Not to scale. 


tinctly shorter than fourth; finger discs distinctly enlarged, 
nuptial pads absent. Hindlimbs slender; tibiotarsal articula¬ 
tion reaching beyond snout tip when hindlimb is adpressed 
along body; lateral metatarsals separated by webbing; in¬ 


ner metatarsal tubercle distinct, outer metatarsal tubercle 
very faint but present; webbing formula of foot according 
to Blommers-Schlosser (1979) 1(1), 2i(1.5), 2e(l), 3i(2), 
3e(l), 4i(2.5), 4e(2), 5(0.5); relative toe length 1 < 2 < 5 
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< 3 < 4; toe discs distinctly enlarged. Skin dorsally gran¬ 
ular; ridges bordering mid-dorsal band elevated, starting 
approximately 1 mm behind eyes (starting off bifurcated 
and converging toward the mid-line) and gradually becom¬ 
ing less distinct posteriorly; additional, interrupted and less 
distinct ridges are present posterior to the suprascapular 
region; two dark inter-ocular ridges are present either side 
of a fine cream-coloured vertebral band; supraocular tu¬ 
bercles are weakly enlarged, and do not form strong spines 
above the eyes; a modest dermal tarsal spine is present. 
Ventral skin smooth on throat and limbs, granular in pos¬ 
terior portion of abdomen. Femoral glands well delimited 
externally, consisting of 36 small granules on the left side 
and 44 small granules on the right side. 

Dorsal colouration after one and a half years in pre¬ 
servative sepia, becoming increasingly grey posteriorly, 
mottled with almost black and brownish markings; dor¬ 
sal folds are blackened over the suprascapular region but 
are otherwise brown; the tympanum is darker brown than 
the surrounding area; the lateral head has a cream stripe 
before the eye, immediately followed by a black stripe 
roughly 1 mm wide, and then mottled dark and light un¬ 
til the tympanum; bottom lip has alternating brown and 
cream annulations; dorsal forelimbs mottled blackish 
and Mikado brown reticulated with cream; dorsal hind- 
limbs brown with burnt umber crossbands on the thigh 
(three), shank (four), and foot (four); the cloacal region 
has a trapezoid of burnt umber around it; fiank coloura¬ 
tion fades from the sepia dorsal colouration through grey 
to the cream of the venter; ventrally the chin is medium 
fawn with a cream mid-ventral stripe and blackish vocal 
sacs, becoming blotched fawn among cream posteriorly 
to fully cream on the abdomen; the ventral legs are cream 
with brown and black areas toward the knees and on the 
anteroventral edge of the shank, including the femoral 
glands, which are distinct only in their texture and shape, 
and not in colour; the ventral foot is dark brown. 

Colouration in life was as in preservative but more vi¬ 
brant; see Figure 5. 

Variation. For a summary of measurement variation, see 
Table 1. All morphologically examined paratypes strong¬ 
ly resemble the holotype in morphology. Ridges between 
the eyes vary somewhat in shape, and in some specimens 
are black but in others do not have a distinct colouration 
from the surrounding head surface. The dorsal ridges 
vary from strongly to weakly pronounced, but are always 
present. There is no sexual dimorphism in inner metacar¬ 
pal tubercle size. Snout shape in lateral view varies from 
rounded to square. The superciliary spines of all specimens 
are fairly low and indistinct. The femoral glands are re¬ 
markably variable, ranging from 26 granules in the right 
gland of ZSM 69/2016 to 69 granules in the left gland of 
MSZC 0032 (Fig. 6). Variation in colouration is as variable 
as is typical for members of this subgenus. A thin verte¬ 
bral line can be present. The arms are always reticulated 
with whitish to light brown colouration. The head of ZSM 
69/2016 (Fig. 6f) has a diamond-shaped lighter colouration 


covering its dorsal surface. The ventral colouration of this 
specimen is remarkably similar to that of all males, except 
that the blackish vocal sacs are absent. A juvenile, MSZC 
0032, also had this diamond-shaped brown marking on its 
head (Fig. 6b). 

Etymology. Angano is a Malagasy word meaning ‘fable’. 
The new material for this species was collected on Expedi¬ 
tion Angano, a research expedition to the Bealanana Dis¬ 
trict of northern Madagascar to assess the impacts of forest 
fragmentation on the reptiles and amphibians. The epithet is 
used as an invariable noun in apposition to the genus name. 

Call. See the description provided above. 

Natural history and distribution. One specimen of this 
species has been collected in Antsahan’i Ledy, and numer¬ 
ous specimens of this species were encountered during 
fieldwork on the Ampotsidy mountains (Fig. 7). Calling 
males were generally found in association with slow flow¬ 
ing water, in the case of the holotype at the source of a 
spring, in close syntopy with Boophis madagascariensis 
md a Mantidactylus {Brygoomantis) species. Males called 
up to 1 m above the ground from fern fronds and other low 
foliage. Females were found both near to and away from 
water, during the day and at night, but were less common¬ 
ly encountered. No eggs were observed, but highly ovi- 
gerous females were found in January (e.g. Fig. 6e). The 
call of the species is loud and carries over long distances, 
so that it can be heard alongside the calls of Boophis mad¬ 
agascariensis from well outside of some small forest frag¬ 
ments in the vicinity of Ampotsidy. In a small forest frag¬ 
ment where vouchers of Gephyromantis (Asperomantis) 
tahotra were collected (14.41689°S, 048.71435°E, 1368 
m a.s.L), G. angano sp. n. could also be heard; this appears 
to be the first ever record of any two Asperomantis species 
occurring in close syntopy (Vences et al. 2017). 

Discussion 

Gephyromantis is one of the most diverse genera of frogs 
in Madagascar. Since the first major barcoding study of all 
of Madagascar’s amphibians in 2009 (Vieites et al. 2009), 
five species of Gephyromantis have been described (Crot- 
tini et al. 2011, Glaw et al. 2011, Glaw and Vences 2011, 
Vieites et al. 2012, Wollenberg et al. 2012), two have been 
resurrected (Wollenberg et al. 2012, Vences et al. 2017), 
and numerous undescribed species remain, including two 
that are in description (Scherz et al. in press; submitted). 
During our fieldwork in the Bealanana District of northern 
Madagascar, we encountered a total of six Gephyromantis 
species verified by DNA barcoding (Suppl. material 5), 
including three in the subgenus Asperomantis (G. anga¬ 
no sp. n., G sp. Ca29 [new; Fig. 8] and G tahotra. Fig. 
4), one in the subgenus Laurentomantis (identified as G 
horridus, but separated from other G horridus by 3% 16S 
divergence and requiring closer investigation), one in the 
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Figure 7. Map of northern Madagascar indicating the known distribution of Asperomantis species. Colours correspond to species in 
Fig. 4. Three arc second SRTM basemap from Jarvis et al. (2008). 


subgenus Duboimantis (a new candidate species close to 
G. tandroka, here dubbed G. sp. Ca30), and one in the 
subgenus Phylacomantis (a new candidate species close 
to G azzurrae, here dubbed G. sp. Ca31) (see Suppl. ma¬ 
terial 5). Of these, only two (G. tahotra and G. horridus) 
are already described, and Ampotsidy represents a new lo¬ 
cality for both of them. The new Unconfirmed Candidate 
Species of Duboimantis and Phylacomantis are numbered 
and rationalised following Vieites et al. (2009). In summa¬ 
ry, although recent advances have brought major improve¬ 
ments to the supraspecific taxonomy of Gephyromantis 
(Kaflfenberger et al. 2012, Vences et al. 2017), work on the 
species-level taxonomy of the genus is far from finished. 

Several hypotheses may be put forward to explain the 
differences between G. angano sp. n. and its bioacousti- 
cally divergent but genetically and morphologically sim¬ 
ilar sister lineage G. sp. Ca29 (shown in Fig. 8): (1) these 
represent two call types for the same species, as is known 
from the closely related G. tahotra, and also Boophis 
tampoka, a tree frog from Madagascar that also has two 


call types that are not genetically assortative and change 
by locality or temporally (Vences et al. 2011) (considered 
unlikely, as the calls were heard within five days of one 
another at the two sites, and neither call was ever heard 
at both sites despite numerous calling individuals being 
observed, and over three weeks of observations from one 
of the sites), (2) the calls form two ends of a continuum of 
variation over the distribution of a single species (seem¬ 
ingly unlikely, given they are correlated with genetic dif¬ 
ferences and are rather important, affecting several call 
variables), (3) the calls represent local dialects caused by 
a slight structural modification of the vocal apparatus, (4) 
the two populations are undergoing incipient speciation 
or (5) they are two distinct, recently diverged species. In 
frogs, advertisement calls play a strong role in sexual se¬ 
lection and mate recognition (Hoskin et al. 2005, Kohler 
et al. 2017), and call differences may function as drivers 
and/or reinforcers of divergence (Hoskin et al. 2005). In 
either case, they can evolve exceptionally quickly, in a 
way that can greatly exceed signals of typical drift-based 
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Figure 8. Gephyromantis sp. Ca29 from Andranonafindra in life. Photos show (a-c) ZSM 59/2016 (MSZC 0203), adult male (FGG 
= 48/47), and (e-g) ZSM 58/2016 (MSZC 0196), adult male (FGG = 42/49). Scale bars indicate 10 mm. 


divergence, which can lead to cases where signals from 
mitochondrial genes simply have not yet caught up, but 
are likely to do so. With greater sampling and sequencing 
of nuclear genes, we may be able to reveal which of these 
hypotheses is most credible, but at present data are in¬ 
sufficient to draw convincing conclusions on this matter. 
Denser sampling across a greater area of the Bealanana 
basin to identify possible contact or hybrid zones will 
also be critical in understanding the divergence pattern 
and phylogeography of these frogs, but such work will 
undoubtedly be challenging, given the extreme fragmen¬ 
tation of forests in this area, and how difficult it is for 
research teams to access its more remote reaches. 

The new species Gephyromantis angano sp. n. is re¬ 
stricted to primary and secondary mid-altitude rainforest 


(Fig. 7). These forests are disappearing rapidly in the 
Bealanana District, becoming increasingly fragmented, 
with fragments decreasing in size. Based on bioacoustic 
surveys while crossing between large forest fragments, it 
seems that G. angano sp. n. is able to survive in even tiny 
forest remnants, but a degree of connectivity is doubt¬ 
less required in order to facilitate gene flow. At present 
the two known localities make up an area of just 90 km^, 
most of which is devoid of forest. As such, the species 
could warrant treatment as Critically Endangered. How¬ 
ever, due to its relative abundance, and because we sus¬ 
pect that it is more widespread, we recommend that it 
instead be assessed as Data Deficient for the lUCN Red 
List until better sampling in the Bealanana District can be 
carried out. 
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Recording 1 

Authors: Mark D. Scherz, Miguel Vences, James Borrell, 
Lawrence Ball, Denise Herizo Nomenjanahary, Dun¬ 
can Parker, Marius Rakotondratsima, Elidiot Razafi- 
mandimby, Thomas Starnes, Jeanneney Rabearivony, 
Frank Glaw 

Data type: FLAG File (.flac) 

Explanation note: Call recording of Gephyromantis anga- 
no sp. n. ZSM 68/2016. Call recorded at 22h40 on the 
8* of January, 2016, 50 cm above the ground on a fern 
above a muddy spring in primary rainforest, calling 
as part of a small chorus, at 14.41949°S, 48.71938°E, 
1340 m a.s.L, at an estimated air temperature between 
15 and 20°C. Animal Sound Archive: http://www.tier- 
stimmenarchiv. de/webinterface/contents/showdetails. 
php? edit=-1 &unique_id=T S A: Gephyromantis_anga- 
no_Scherz_l_l_0 

Copyright notice: This dataset is made available under 
the Open Database Ficense (http://opendatacommons. 
org/licenses/odbl/1.0/). The Open Database Ficense 
(ODbF) is a license agreement intended to allow us¬ 
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 

Fink: https://doi.org/10.3897/zse.93.14906.suppll 
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Recording 2 

Authors: Mark D. Scherz, Miguel Vences, James Borrell, 
Fawrence Ball, Denise Herizo Nomenjanahary, Dun¬ 
can Parker, Marius Rakotondratsima, Elidiot Razafi- 
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Data type: WAV File (.wav) 

Explanation note: Call recordings of Gephyromantis an- 
gano sp. n. uncollected specimens. Call recorded at ca. 
03h30 on the 8* of January, 2016 near a muddy spring 
in primary rainforest, at 14.41949°S, 48.71938°E, 


1340 m a.s.L Animal Sound Archive: http://www.tier- 
stimmenarchiv. de/webinterface/contents/showdetail s. 
php? edit=-1 &unique_id=TS A: Gephyromantis_anga- 
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org/licenses/odbl/1.0/). The Open Database Ficense 
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ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 
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Authors: Mark D. Scherz, Miguel Vences, James Borrell, 
Fawrence Ball, Denise Herizo Nomenjanahary, Dun¬ 
can Parker, Marius Rakotondratsima, Elidiot Razafi- 
mandimby, Thomas Starnes, Jeanneney Rabearivony, 
Frank Glaw 

Data type: WAV File (.wav) 

Explanation note: Call recording of Gephyromantis sp. 
Ca29 ZSM 58/2016. Call recorded at 18h40 on the 
14* of January, 2016 on a broad fleshy leaf 4 m from 
a slow stream in degraded primary rainforest, calling 
as part of a large chorus, at 14.73600°S, 48.54831°E, 
1180 m a.s.L, at an estimated air temperature of 17- 
23°C. Animal Sound Archive: http://www.tierstim- 
menarchiv.de/webinterface/contents/showdetails. 
php? edit=-1 &unique_id=T S A: Gephyromantis_sp_ 
Ca_29_Scherz_l_3_0 

Copyright notice: This dataset is made available under 
the Open Database Ficense (http://opendatacommons. 
org/licenses/odbl/1.0/). The Open Database Ficense 
(ODbF) is a license agreement intended to allow us¬ 
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 

Fink: https://doi.org/10.3897/zse.93.14906.suppl3 
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Recording 4 

Authors: Mark D. Scherz, Miguel Vences, James Borrell, 
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can Parker, Marius Rakotondratsima, Elidiot Razafl- 
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Data type: WAV File (.wav) 

Explanation note: Call recording of Gephyromantis sp. 
Ca29 ZSM 59/2016. Call recorded at 18h25 on the 14* 
of January, 2016 on a leaf 50 cm above ground sever¬ 
al metres from a slow stream in degraded primary rain¬ 
forest, calling as part of a large chorus, at 14.73600°S, 
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48.54831°E, 1180 m a.s.L, at an estimated air tempera¬ 
ture of 17-23°C. Animal Sound Archive: http://www. 
tierstimmenarchiv.de/webinterface/contents/showdetails. 
php? edit=-1 &unique_id=TS A: Gephyromantis_sp_ 
Ca_29_Scherz_l_4_0 

Copyright notice: This dataset is made available under 
the Open Database License (http://opendatacommons. 
org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow us¬ 
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 

Link: https://doi.org/10.3897/zse.93.14906.suppl4 

Supplementary material 5 

Figure SI 

Authors: Mark D. Scherz, Miguel Vences, James Borrell, 
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can Parker, Marius Rakotondratsima, Elidiot Razafi- 
mandimby, Thomas Starnes, Jeanneney Rabearivony, 
Frank Glaw 

Data type: Encapsulated PostScript (.eps) 

Explanation note: Phylogeny of Gephyromantis based on 
the BI consensus tree reconstructed by Bayesian Infer¬ 
ence analysis of a fragment of the mitochondrial 16S 
rRNA gene. Numbers above nodes denote Bayesian 
Posterior Probability (PP); numbers below nodes in¬ 
dicate bootstrap support (%). PP lower than 0.9 and 
bootstrap support lower than 70% are not shown. 


Numbers before taxon names are GenBank numbers; 
numbers after taxon names are field numbers. 

Copyright notice: This dataset is made available under 
the Open Database License (http://opendatacommons. 
org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow us¬ 
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 

Link: https://doi.org/10.3897/zse.93.14906.suppl5 
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Data type: Microsoft Excel 97-2003 Worksheet (.xls) 

Explanation note: Average uncorrected pairwise-distances 
in a fragment of the 16S rRNA gene among Gephyro¬ 
mantis species. 

Copyright notice: This dataset is made available under 
the Open Database License (http://opendatacommons. 
org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow us¬ 
ers to freely share, modify, and use this Dataset while 
maintaining this same freedom for others, provided 
that the original source and author(s) are credited. 
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Abstract 

The French collector Rene Mauge (1757-1802) conducted some bird-collecting excur¬ 
sions when anchored in Kupang Bay, West-Timor during his time as part of the French 
government-funded expedition commanded by Nicolas Baudin (1754-1803). The expedi¬ 
tion docked at Tenerife (Spanish Canary Islands), Mauritius, Australia, Timor and South 
Africa between 1800 and 1804. Mauge made the first collections in Timor. Specimens 
became dispersed after their arrival with the store-ship Le Naturaliste in Le Havre, France 
on 7 June 1803. Information concerning 153 specimens of 61 species was found in various 
documents and museums throughout Europe. Only the type-specimens are listed here and 
include data associated with them. Fifty-two species new to science were described from 
Mange’s Timor collections, 28 of which are still taxonomically recognised today. 


Introduction 

The Govemement supported expedition bound to Australia 
led by commander Nicolas Thomas Baudin (1754-1803), 
left Le Havre, France on 19 October 1800. The French 
Navy 20-gun Serpente-class corvette, Le Geographe, 
and the store-ship Le Naturaliste, were selected for the 
voyage, with focus on cartography and natural history. The 
expedition stopped at Tenerife, Mauritius and at various 
places in Western Australia (for example Geographe Bay 
and Shark Bay) before the first ship (Le Geographe) docked 
opposite Fort Concordia in the Bay of Kupang, West-Timor 
on 22 August 1801. Soon to be followed by the second ship 
{Le Naturaliste) at 21 September 1801, both remained here 
up to 13 November 1801 when both ships departed back 
to Australia (see for more information, Jansen 2014). After 
visiting for example Tasmania and Port Jackson (=Sydney), 
Le Geographe returned to Kupang between 6 May and 3 
June 1803. Le Naturaliste returned to France at 7 June 


1803 (French revolutionary calendar indicated as An XI) 
and Le Geographe at 24 March 1804 (French revolutionary 
calendar indicated as An XII). The revolutionary years can 
be found back on the specimens. 

The designated bird-collectors and ‘scientists’ 
appointed by the Museum Nationale d’Histoire Naturelle, 
Paris, France (hereafter MNHN), were Rene Mauge and 
Stanislaus Levillain, later followed by Charles Alexandre 
Lesueur after Mauge and Levillain died. Other crew¬ 
members were involved with collecting, however, 
Mauge, Levillain and Lesueur can be accounted for the 
collecting in Timor. 

The Baudin expedition was the first expedition with a 
focus on biological exploration in this part of West-Timor 
and the nearby island Semau. A few birds were collected 
by Caspar George Carl Reinwardt (1773-1854) in April 
1821. Then followed by Salomon Muller in 1828-1829 
(Mees 1976). 
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To the disappointment of the surviving crew no 
Governmental interest was shown after arrival. The 
deserters, as the crew-members who had fall-outs with 
Baudin (who died at Mauritius on 16 September 1803), and 
when back in France they described him as an incompetent 
and authoritarian leader. Frangois Peron (1775-1810) and 
Louis Claude de Saulces de Freycinet (1779-1841) took 
on the official expedition narrative, and - for example - 
Baudin was written out of large parts as landmarks were 
renamed (Peron 1807a, b, 1811, 1815, 1816). 

There are no original lists available of the birds collected 
in Timor, nor are there any publications on Timor, on the 
200+ specimens supposedly collected in Timor (MNHN, 
Bibliotheque centrale, Ms 2126, lettre 4, 5 October 1801). 
A considerable number of specimens was dispersed over 
several schools, museums and private collectors. As part of 
on-going research into the Baudin expedition, all possible 
leads were followed up (Jansen 2014, 2016, 2017b), the 
Timorese part being published here. 

Mauge, Lesueur and Levillain 

Rene Mauge was bom in 1757 in Cely-en-Biere, in the 
Seine-et-Mame department near Paris, France. Nothing 
is known of his life prior to May 1794. In that month, 
he started work at the MNHN, learning taxidermy and 
studying natural history (Jangoux 2009: 30). Mauge was 
trained by Louis Dufresne (1752-1832) who taught him 
to skin birds properly. Aged 39, he joined the first govern¬ 
ment-funded expedition captained by Nicolas Baudin to¬ 
wards Tenerife, St. Thomas, St. Croix and Puerto Rico 
(1796-1798) (Jangoux 2009: 30). The voyage was a suc¬ 
cess and 296 bird specimens collected by Mauge were 
brought back; 140+ specimens still survive (Jansen and 
Fuchs 2017). Aged 42, (Homer 1987: 400) he again left 
with Baudin on a voyage to Tenerife, Mauritius, Australia 
and Timor with the corvette Le Geographe and the store- 
ship Le Naturaliste which left Le Havre on 19 October 
1800. Mauge was appointed by Antoine-Laurent de Jus¬ 
sieu, director of the MNHN, as one of the official expedi¬ 
tion zoologists. 

Little is known how far the expedition ventured into 
the interior of West-Timor during its visit between 22 
August and 13 November 1801, but apparently not far 
(as only daytrips are noted). However, it is known that 
Mauge lived in a house in Kupang for a while with 
fellow naturalists including Frangois Peron (Duyker 
2006: 96). He went on excursions into the countryside 
around Kupang with Charles-Alexandre Lesueur, Pierre- 
Frangois Bernier and Louis Depuch and returned with 
‘rich’ collections on 26 August 1801 (Peron 1807a: 147). 
On 29 August, he joined Lesueur, Depuch and Anselme 
Riedle on a reconnaissance of the hinterlands, presumably 
collecting as they went (Peron 1807a: 151). Mauge is 
recorded as having attended a dinner with Baudin on 31 
August (Baudin 1974: 263-264), but by 15 September, 
Mauge was seriously ill with scurvy (Peron 1807a: 171). 


He died on board the Le Geographe when it was off the 
coast of Tasmania on 20 February 1802. He was buried 
on Maria Island (Baudin 1974: 340). 

Mauge is often acknowledged as collector on the pede¬ 
stal undersides, if not mentioned in the descriptive texts 
by Lesson and Vieillot. Baudin (Bonnemains et al. 1988: 
398) mentions that Mauge collected and prepared 300 
birds in his summary of activities on Timor. This differs 
from the letter sent by Baudin on 5 October 1801, to Jus¬ 
sieu (MNHN, Bibliotheque centrale, Ms 2126, lettre 4, 5 
October 1801), in here he mentions more than 200 speci¬ 
mens including many new species for science. 

Charles Alexandre Lesueur was bom on 1 January 
1778, in Le Havre, Seine-Maritime, France. At the age 
of 22, he left France with Le Geographe, ranked as assis¬ 
tant gunner 4* class. He is not specifically mentioned in 
the various diaries as a bird-collector. However, he did go 
out collecting with Mauge on Timor on 26 and 29 August. 
He was hunting ‘macaques’ and maybe also birds (Peron 
1809: 130, Brown and Flannery 2008: 156). He collec¬ 
ted birds either alone or in the company of Mauge in the 
weeks before 22 August and 15 September. That he was 
unofficially known as a bird-collector was demonstrated 
when Le Geographe returned to Timor around 6 May 1803 
and Lesueur was recognised by the locals as orang mati 
bourou (the bird-killer man) (Peron 1807b: 257, Duyker 
2006: 194). Lesueur is also acknowledged as the collector 
by those describing new species such as Ardea timoriensis 
(Cuvier in Lesson 1831) (but see later). Lesueur arrived 
back safely in France after the expedition and went on to 
collect in the U.S.A. and other countries for several years 
before his death on 12 December 1846. 

Stanislaus Levillain (1774-1801) was appointed by 
Jussieu as a zoologist to the expedition. Levillain also 
joined Baudin and Mauge on the Caribbean voyage be¬ 
tween 1796 and 1798. He actively collected birds when 
sailing and landing with Le Naturaliste and some of his 
specimens are still present in the MNHN. Peron stated 
he was in perfect health when he settled in with him and 
other naturalists shortly after the arrival of Le Naturaliste 
on 21 September at Kupang (Peron 1807a: 167), and may 
well have collected in the first few days after arrival in 
Kupang, as he soon became ill. He died at sea when the 
expedition was travelling from Timor to Tasmania, on 29 
December 1801. 

Timorese bird-specimens collected by 
Mauge and his colleagues 

Collecting location 

In ascertaining or clarifying the collecting locality, I 
considered the available diaries kept by Baudin 1974, 
the Levillain Diary (Archives Nationales, serie Museum 
AJ/15/590) and other diaries, official reports (Peron 
1807a, b, 1809), collectors’ notes (Museum d’Histoire 
Naturelle, Le Havre n° 08040, 21001, 21002, 21003, 
79055-79127) and the localities within the known range 


zse.pensoft.net 



Zoosyst. Evol. 93 (2) 2017, 467-492 


469 


of the taxon. The available information from Timor, e.g. 
information available from the official narrative of the 
voyage, mentions a day excursion at 26 August 1801 
(Peron 1807a: 147) and 29 August 1801 (Peron 1807a: 
151), further information on bird collecting activities 
could not be found by author. The expedition made no 
large journey’s outside of Kupang during their first stay, 
and remained restricted to its vicinity. 

With the available information on the pedestal un¬ 
derside (see below), the printed (glued on the pedestal) 
substitute label (added well after the 1850’s), registration 
books and documents available in Le Havre, it was es¬ 
tablished that all birds from Timor were only collected 
during the first visit (most are documented with An XI 
= arrival with Le Naturaliste (visited only once Timor)). 
The best proof of this is that Peron kept track of the 
specimens during the second leg of the voyage and no 
specimens were entered during the second Timor visit 
(Museum d’Histoire Naturelle, Le Havre n° 21001). 

Taken in account article 76a (ICZN 1999) we find unfor¬ 
tunately, no original notes (e.g. labels), no collector’s notes, 
no personal communications. For the original description 
see chapter available information from the specimen. So, 
we only have the itinerary and the expedition’s narrative 
(Peron 1807a), that discusses two day trips collecting birds 
near Kupang (article 76A.1.3 (ICZN 1999)). So, summa¬ 
rizing, birds were only collected during the first stay at 
Timor in 1801 and birds were collected near Kupang Bay. 

Arrival in France 

All birds collected by Mauge arrived on Le Naturaliste 
in Le Havre, France in one shipment on 7 June 1803. The 
collection subsequently arrived at the MNHN in the week 
of 13-20 July 1803 (Jansen 2016). The Timor collections 
contained 153 specimens (61 species) and became - for a 
part - dispersed throughout France and Europe. All speci¬ 
mens from the expedition were the property of the French 
nation and no signs were found of specimens being taken 
home by members of the crew. Not all specimens, how¬ 
ever, were registered and part of the collection was only 
roughly identified in the then known bird-families (Jansen 
2016). Comprehensive information on the MNHN birds 
only found its way into the registration books around 
1854, more than 50 years after the expedition returned to 
France (ZMO-GalOis 1-5). 

Specimens returned as skin and were subsequently 
mounted for the museum showcases. No original tags or 
collecting lists are known to have been brought back to 
France (Jansen 2015). 

Available information from the specimen 

Peron did not only change names given to the various 
places on the Australian coast but also altered later in 
works the collectors of the specific specimens (Forna- 
seiro et al. 2016). Labels were substituted by Peron for 
other groups then birds (Jangoux 2005: 5, Duyker 2006: 
124), and he and Lesueur were designated as their collec¬ 
tors. For birds, no original labels are known, nor found. 


But as indicated by mentioning Levillain and Mauge as 
their collectors, some sort of documentation had to be 
present in Paris by then. 

The specimen information available, part communi¬ 
cated by Peron (and possibly also by Lesueur) personally 
to the taxidermists, is situated on the pedestal underside, 
registration books and documents (for example those kept 
in Le Havre 79054-79127, see Jansen 2016, 2017b). In¬ 
formation on the pedestal undersides was added after 
mounting the specimens in Paris. Mounting the specimens 
was executed by the museum’s senior taxidermist Louis 
Dufresne (1752-1832). Other taxidermists like Michel 
Adrie Lalande, M Becouer, M. Desmouslin, M. Perefile, 
M. Charpeutir and M. le Roy were also involved and 
Dufresne’s wife. Recognisable is the handwriting from 
Dufresne on most specimens, in special those containing 
stickers and those mention his close friend Rene Mauge. 
We find for example on the sample of 69 Timorese MNHN 
type-specimens, names for collectors, ranging from Mauge 
(37), Exp. Baudin (9), Peron (2), Peron et Eesueur (4), Ee- 
sueur (2) and 15 have a sticker glued on (and hold Mauge 
as their collector (so 75 % are collected by Mauge)). The 
stickers were glued to the specimens on Le Naturaliste 
specimens directly after mounting (Jansen 2016). 

Two of the scientists who survived the expedition, 
Frangois Peron and Charles Alexandre Eesueur, provided 
extra information to senior taxidermist, Eouis Dufresne, 
and other MNHN taxidermists. This information was most¬ 
ly scribbled on the pedestal undersides, but is not available 
for all specimens. Due to a personal feud (scientific and 
personal business) between Peron and Baudin, the original 
collector names have largely disappeared (Fomaseiro et al. 
2016: 47-48). The birds that contained Peron and Peron 
et Lesueur as collector were in another hand, and part of 
the ‘corrections’ as executed by Peron. Only one note (by 
Peron) exists, on six bird species from the first Timor visit: 
Grey-tailed Tattler Tringa brevipes, Australian Pratincole 
Stiltia isabella. Rainbow Bee-eater Merops ornatus. Com¬ 
mon Kingfisher Alcedo atthis bengalensis. Collared King¬ 
fisher Todiramphus chloris and Cinnamon-banded King¬ 
fisher Todiramphus australasia (Ee Havre 79125). 

Therefore, I designated in this paper-and therefore cor¬ 
recting this fraud-all specimens as collected by Mauge, 
despite the mention in the original type-description of 
Eesueur and Peron as its collectors. 

Scientific names 

The 52 scientific names published between 1807 and 1855 
were executed by Charles Eucien Bonaparte (1), George 
Cuvier (3), Rene Primevere Eesson (10), Coenraad Jacob 
Temminck (10), Eouis Pierre Vieillot (25), Johann Georg 
Wagler (2) and William John Swainson (1). All of them 
visited the MNHN and some scientists mentioning the 
MNHN explicitly as source in the type-descriptions. 

Other collectors 

In 1829, the second collection from Timor arrived in 
Europe, collected by Salomon Muller employed by the 
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Rijksmuseum of Natuurlijke Historie Leiden (now Natu- 
ralis). Muller, collected 178 species (196 specimens) in 
West-Timor and 14 species (16 specimens) at Semau. The 
number of type-species is 46 (van den Hoek Ostende et 
al. 1997, Dekker 2003, Dekker and Quaisser 2006). 

Descriptions prior to 1829 are exclusively birds collected 
on the Baudin expedition. Lesson and Vieillot worked only 
in the MNHN and always mentioned if information was ob¬ 
tained from another collection. Temminck also often worked 
in the MNHN (van Lynden-de Bruine 2001) and obtained a 
fair number of Baudin expedition birds for his private col¬ 
lection (Jansen 2017b). Louis Dufresne, the MNHN senior 
taxidermist, also had a large private collection of specimens 
which mostly had a MNHN origin. By 1818, his collection 
had been sold to the National Museum of Scotland (hereafter 
NMS), Edinburg, Scotland (Sweet 1970, Cheke and Jansen 
2016). The descriptions by Vieillot were executed largely 
before 1816 and formed part of the publication of the first 
part of'Dictionnaire d‘histoire naturelle" (1816-1819). The 
first part appearing in September 1816 (Mathews 1911). The 
Baudin birds sent to the Naturhistorisches Museum Wien 
(hereafter NMW), Vienna, Austria as part of the ‘Final Acf 
of the Congress of Vienna in 1815 (Daszkiewicz and Bauer 
2003, Bauer and Wagner 2012) also included specimens that 
Vieillot had examined. 

Number of surviving specimens 

Today, the largest batch of the surviving 395 specimens, 
from the original 1,055 specimens from the Baudin ex¬ 
pedition, is housed in the MNHN. The Timor specimens 
have received some evaluation in the past (Hellmayr 
1914, 1916) and in recent years the type-specimens have 
been steadily catalogued (Voisin and Voisin 1996, 1999, 
2001, 2008, 2011, 2012, 2015, Voisin et al. 2004, 2005, 
2008). During research for this paper specimens collected 
by Mauge were in various collections throughout Europe. 
The museums which were visited are: Musee Boucher-de- 
Perthes, Abbeville, France, Museum Nationale d‘Histoire 
Naturelle, Paris, France (MNHN), Naturalis Biodiversity 
Center, Feiden, The Netherlands (Naturalis or RMNH), 
the National Museum of Scotland, Edinburgh, Scotland 
(NMS) and the Naturhistorisches Museum Wien, Vienna, 
Austria (NMW). Email communication was conducted 
with: Museum d‘histoire naturelle - Ville de Blois, Blois; 
the National Museum of Natural History, Washington 
D.C., USA (USNM) and Museum-Aquarium de Nancy, 
Nancy, France. Two collections that also housed Baudin 
specimens were T Hotel de Ville de Rouen, Rouen, France 
and Fycee de Moulins, Moulins, France, both unfortu¬ 
nately destroyed. Findings are noted in Table 1. 

List of type-specimens collected by Mauge 
on Timor 

The following list summarizes the information on 
specimens collected in Timor during the Baudin 
expedition (1800-1804). The taxonomical order and 


current names are those according to del Hoyo and 
Collar (2014, 2016). 

The catalogue is structured as follows: 

Protonym (original spelling ICZN1999 art. 31.1.3.) 
Author and year ofpublication 
Publication + page (abbreviation) 

Type locality (as in the original description) 

Valid scientific name + Author 

Publication (reference to (type-) publications and correc¬ 
tions of type locality and collector). 

Type status 

Registration-number (current and old) 

Sex / age 

Collecting locality 

Date 

Collector 

Information on Pedestal underside and Pedestal label 

The type locality has been fixed for all available type 
specimens to date to the exact collecting locality (article 
76 in ICZM 1999). 

Coturnix excalfactoria Temminck 

Coturnix excalfactorial^QmmmcV 1815, Hist. nat. Gen. des Pig. Liv. 3 
- 516 (Batavia, Timor, Moluques, Manilla, Lu^on, China, Sumatra). 
Synoicus chinensis chinensis (Linnaeus 1766). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-468 
[MNHN A.C. 12653], adult female, collected near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal Underside: 1 — (Sticker) Asie Australe CT*^ Le 
NaC /Expedit. du Capf^ Baudin /an 11 /115 / (illegible). 
2. — Coturnix excalfactoria / $ Tern / Tet. Chinensis L. 
/ Perd. Chinensis / P. Manillensis Lath. / Excalfactoria 
chinensis / Timor /12653 / 417 / (illegible) T. manillen¬ 
sis. Pedestal label: Excalfactoria chinensis / (L.) / Exp. 
Baudin Timor. 

SYNTYPE: MNHN-ZO-2014-467 [MNHN A.C. 
12647], adult male, collected near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: No 171 Peron Mauge / Cap Baudin 
/ an 11 / Le Naturaliste /12647 / Excalfactoria chinensis / 
Timor/Coturnix chinensis Lath. Pedestal label: Excalfactoria 
chinensis/(L.) /Exp. Baudin Timor. 

Comments. Many individuals were examined by Tem¬ 
minck, including birds from Batavia (Java), Moluccas, 
Timor, Manilla, Fu^on and from China. The Timorese 
specimens were catalogued around 1854 (MNHN Fabo- 
ratory, ZMO-GalOis 4), and for a long time represented 
the sole specimens in MNHN, to be followed by a bird 
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Table 1. List of bird specimens (skins) collected by Rene Mange in Timor. Names of abbreviations; NMS = National Museum of Scotland, Edinburg, Scotland; NMW = Naturhistorisches Museum 
Wien, Vienna, Austria; MNHN = Museum national d’Histoire naturelle, Paris, France; RMNH = Naturalis Biodiversity Center, Leiden, The Netherlands. Abbeville, Nancy, Rouen, Moulins and 
Washington are other collections were specimens arrived. 
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from Batavia by Pierre-Medard Diard which arrived in 
1821. One of the type localities (Timor), is restricted to: 
West-Timor, near Kupang Bay (article 76a.2.A (ICZN 
1999)). Temminck named this species excalfactoria or 
‘warming, heating’ (Jobling 2017). 

Columba bitorquata Temminck 

Columba bitorquata Temminck, 1809, Hist. nat. Gen. des Pig. Liv. 86: 
pi. 40 (ITnde). 

Streptopelia bitorquata (Temminck 1809). See Hellmayr 1914: 91 and 
Voisin et al. 2005: 850-851. - Now. 

Type materials. HOLOTYPE: MNHN-ZO-MO-2002-536 
[MNHN A.C. 11464], adult, collected near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor / Australia /L. Naturaliste. / 
Cap. Baudin /M. Mauge /11464 Type / Turtur bitorquata 
/ Tern. Pedestal label: Turtur bitorquatus / (Tern.) / Type / 
M. Mauge Timor. 

Comments. In the original description Temminck 
mentioned that it was described from a single specimen. 
This specimen was catalogued around 1854 (MNHN 
Eaboratory, ZMO-GalOis 4) and represented the sole 
specimen in the MNHN for a long time. It was followed 
by a bird from Sumatra collected by Pierre-Medard 
Diard and subsequently donated to the MNHN in 1821. 
This Baudin expedition bird arrived with Le Naturaliste 
in Ee Havre, France on 7 June 1803 and subsequently 
entered the MNHN in the week of 13-20 July 1803 
(Jansen 2016). The type locality is erroneous (Tlnde), 
and therefore corrected and restricted to: West-Timor, 
near Kupang Bay (article 76a.2.A (ICZN 1999)). 
Temminck named this species bitorquata or ‘double- 
banded’ (Jobling 2017). 

Columba Maugei Temminck 

Coluniba MaugeilievammcC 1809,77/5?. nat. Gen. des Pig. Liv. 115: pi. 
52 (lies de F Australe-Asie). 

Geopelia maugeus (Temminck, 1809). See Lesson 1831: 474, Wagler 
1827 (Columba n“ 105), Peters 1937: 101 and Voisin et al. 2005: 
852-853.-Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-2002-525 
[MNHN A.C. 11721], adult male, collected near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: Timor /Cap.^MBaudin /M. Mauge 
/an 11 /11721 / Geopelia Maugei / Tern. Type. Pedestal la¬ 
bel: Geopelia Maugei / (Tern.) / Type / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-MO-2002-526 [MNHN 
A.C. 11722], adult, collected near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 
1801, by Rene Mauge. 


Pedestal underside: Timor / Cap /Baudin /an 12 /M. 
Mauge /11722 / Geopelia Maugei / Tern. / Type. Pedestal 
label: Geopelia maugei/(Tern.) / Type /Exp. Baudin Timor. 

SYNTYPE (lost): The information available for the 
NMS bird is Dufresne Ms 1818, 80: Columba maugaeus, 
La Colombe Mauge, Tk. PI. 52, des Isles del’Austr. Asie. 
Not found in 2016-2017 (Bob McGowan in litt.). 

Comments. Two individuals in the MNHN are mentioned 
in the original description by Temminck and one in the 
possession of Eouis Dufresne. The bird, as mentioned 
by Dufresne in the manuscript catalogue (1818: 80), is 
no longer present in the NMS. The MNHN specimens 
were catalogued around 1854 (MNHN Eaboratory, ZMO- 
GalOis 4) and represented the only specimens in MNHN 
for a long time. They were followed by one specimen 
collected on the Voyage of I’Astrolabe (1822-1825). The 
type locality is erroneous (lies de I’Australe-Asie), and 
therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). The second 
part of the species’ Eatin name commemorates its collector. 

Columba Psittacea Temminck 

Columba Psittacea Temminck, 1808, Hist. nat. Gen. des Pig. Liv. 28, 
pi. 4 (Timor, Java). 

Treron psittaceus (Temminck, 1808). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-454 
[MNHN A.C. 11138], adult male, collected near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: Timor / M. Mauge / Exp. CapP^ 
Baudin / an 11 /11138 / Treron psittacea / Tern. Pedestal 
label: Treron psittacea/ (Tern.) / Exp. Baudin Timor. 

SYNTYPE: NMW 65.863 [NMW 1815.XXXVII.16], 
male, collected near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal label: n. 129 C. psittacea Temminck/ Tab. 4 / 
Columbar unicolor /XXXVII16 / aus Paris 1815 gekauft 
Dufresne /118. 

SYNTYPE (lost): The information available for the 
NMS bird is Dufresne Ms 1818, 79: Columba psittacea, 
Le Colombar unicolor. Tern. K. hist, des Fig. P. 4, Isle de 
Timor. Not found in 2016-2017 (Bob McGowan in litt.). 

Comments. Temminck examined more than 30 birds in 
various collections, including specimens from the island 
of Timor as well as Java, as stated in the original descrip¬ 
tion. The MNHN specimen was catalogued around 1854 
(MNHN Eaboratory, ZMO-GalOis 4) and represented the 
sole specimen in the MNHN for a long time. It was fol¬ 
lowed by two birds collected on Java by Pierre-Medard 
Diard in 1821. It is interesting to note that it is absent in 
the type catalogue published by van den Hoek Ostende et 
al. 1997, Voisin et al. 2004, 2005 and Schifter et al. 2007. 
It is notable that the types were not mentioned by Schlegel 
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(1873: 59), as he mentions only the presence of two skins 
and one skeleton collected in May 1829 in Timor by Sa¬ 
lomon Muller, no Javan specimens. The type locality for 
the Timor birds is restricted to: West-Timor, near Kupang 
Bay (article 76a.2.A (ICZN 1999)). Temminck named this 
species psittacea or ‘parrot’ (Jobling 2017). 

Ptilinopus flavicollis Bonaparte 

Ptilinopus flavicollis Bonaparte, 1855, Consp. Gen. Avium 2: 20 
(Timor). 

Ptilinopus regina flavicollis (Bonaparte, 1855). See Lesson 1831: 472 
(under the name Columba purpurata), Voisin et al. 2004: 116 and 
Voisin et al. 2008: 775-776. - Now. 

Type materials. PARALECTOTYPE: MNHN-ZO- 
MO-2002-128 [MNHN A.C. 11201], adult, collected 
near Kupang Bay, Kupang, East Nusa Tenggara, West- 
Timor (10°11'0"S; 123°35'0"E), between 22 August and 
13 November 1801, by Rene Mauge. 

Pedestal underside: 1. Timor / M. Mauge / Exp. d. la 
Decouverte / an 12 /11.209 / Ptilopus Ewingii / Gould. 
2. =11201 [added with blue pen]. Pedestal label: Ptilopus 
Ewingii / (Gould.) / Exp. Baudin Timor, (added with pen) 
Type de Pt. flavicollis / Bp. 

PARAEECTOTYPE: MNHN-ZO-2005-2539 [MNHN 
A.C. 11199], adult, collected near Kupang Bay, Kupang, 
East Nusa Tenggara, West-Timor (10°11'0"S; 123°35'0"E), 
between 22 August and 13 November 1801, by Rene 
Mauge. 

Pedestal underside: Timor / M. Mauge / Exp. de la 
Decouverte / an 12 / IT 199 / Ptilopus Ewingii / Gould 
/ Type de Ch. Bp. Pedestal label: Ptilopus Ewingii / 
(Gould.) / Exp. Baudin Timor; added with pen: Type de 
Pt. flavicollis / Bp. 

Comments. Bonaparte explicitly stated that he described 
this taxon from specimens in the British Museum 
and Paris. The MNHN specimens were catalogued 
around 1854 (MNHN Eaboratory, ZMO-GalOis 4) and 
represented the only specimens in the MNHN for a long 
time. They were followed by one specimen collected on 
thQ L’Uranie voyage between 1817-1820 and donated by 
Eouis Freycinet in 1820. Two birds from Charles Eucien 
Jules Eaurent Bonaparte’s collection arrived in 1858. The 
bird collected on the Baudin expedition, and now housed 
in NMW, was donated in 1815 but was not studied by 
Bonaparte and has no type status (NMW 48.251). Only 
one bird was selected as syntype by Voisin et al. 2004: 
116 but this was corrected by Voisin et al. 2008: 775-776, 
designating MNHN-ZO-2005-2539 as paralectotype. 
Warren (1966: 98) named BMNH 1842.1.19.4 as the 
holotype, and inadvertently made a lectotype designation. 
The type locality is restricted to: West-Timor, near Kupang 
Bay (article 76a.2.A (ICZN 1999)). Bonaparte named this 
species flavicollis or ‘yellow-necked’ (Jobling 2017). 

Note, measurements of 122 and 126 mm (average of both 
wings) were taken from both MNHN specimens and are 


outside the range of 104-119 mm as described in Gibbs 
et al. 2001: 486. It is important to measure the BMNH 
lectotype as well, as that could have repercussions for ap¬ 
plying the name flavicollis. More research is needed to 
establish which taxon is involved. 

Cuculus variegatus Vieillot 

Cuculus variegatus Vieillot, 1817, Nouv. Diet. Nat. ed. 8: 224 (Austral¬ 
asia). 

Heteroscenes pallidus (Latham, 1801). See Mathews 1913: 154, Hell- 
mayr 1916: 110 and Voisin and Voisin 1999: 392. - Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-1997-1224 
[MNHN A.C. 1954], immature, collected near Kupang 
Bay, Kupang, East Nusa Tenggara, West-Timor (10° 1 TO" S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor / M. Mauge /1954 / Caco- 
mantispallidus /Lath. / C. variegatus / Vieill. Type. Pedes¬ 
tal label: Cacomantispallidus /Lath, /M. Mauge / Timor. 

SYNTYPE: MNHN-ZO-2014-426 [MNHN A.C. 
1956], immature, collected near Kupang Bay, Kupang, East 
Nusa Tenggara, West-Timor (10°11'0"S; 123°35'0"E), be¬ 
tween 22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / M. Mauge /1956 / Caco¬ 
mantis pallidus / Lath. Pedestal label: Cacomantis palli¬ 
dus / (Lath.) / M. Mauge Timor. 

Comments. Vieillot does not mention the number of birds 
examined, but his description mentions both adults and im¬ 
mature birds, so clearly more birds were involved. He also 
does not mention which collection were used, but as most of 
the birds he examined for his contributions to the Nouveau 
Dictionnaire d’Histoire Naturelle (1816-19) were housed 
in the MNHN, it can safely be assumed that this is where 
he made his description. The MNHN specimens were cata¬ 
logued around 1854 (MNHN Eaboratory, ZMO-GalOis 1) 
and were the only specimens in the MNHN for a long time. 
They were followed by a bird collected on the L ’Uranie 
voyage captained by Eouis de Freycinet (1817-1820). 
The type locality is erroneous (Australasie), and therefore 
corrected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A(ICZN 1999)). Vieillot named this species 
variegatus or ‘variegated’ (Jobling 2017). 

Cuculus tenuirostris Lesson 

Cuculus tenuirostris Lesson, 1830, Trade d’Orn. 3: 146-147 (Bengale 
and Timor). 

Cuculus saturatus (Blyth, 1843). - Now. 

Type materials, ‘type’ (lost): Relevant line in the type 
description: Coucou tenuirostre; Cuculus tenuirostris, 
Mus. de Paris. Variete de Timor. Habite le Bengale (Du- 
vaucel) et Timor (Mauge). 

Comments. In the registration book drafted around 
1854 (MNHN Eaboratory, ZMO-GalOis 1) two birds 
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were noted, one collected in 1822 in Bengale and one 
from the same location from Duvaucel from 1823. So 
clearly the specimen from Mange left the MNHN before 
1854. Lesson named this species tenuirostris or ‘Slender 
billed’ (Jobling 2017). A solution for this special case, 
should be found in the future (e.g. type-specimen and 
type-locality). 

Ardea australis Cuvier 

Ardea australis Cuvier, 1831, in Lesson, Traite d’Om. 8; 572 (no locality). 
Ixobrychusflavicollis australis (Cuvier 1831). See Peters 1931; 123 and 
Voisin and Voisin 1996; 605. - Now. 

Type materials. HOLOTYPE: MNHN-ZO- 

MO-1995-244 [MNHN A.C. 13960], immature, collected 
near Kupang Bay, Kupang, East Nusa Tenggara, West-Ti- 
mor(10°ll'0"S; 123°35'0"E), between 22 August and 13 
November 1801, by Rene Mauge. 

Pedestal underside: Exp. Baudin / Ardea flavicollis 
(Lath.) / A. australis (Cuv.) type / Exp Baudin / 13960 
N.C. No 219. Pedestal label: no longer present. 

Comments. Eesson did not mention the number of speci¬ 
mens examined from the Baudin expedition. The MNHN 
specimen was catalogued around 1854 (MNHN Eabora- 
tory, ZMO-GalOis 5) and represented the sole specimen 
in the MNHN for a long time. It was followed by two 
birds collected on Java by Eabillardiere between 1794- 
1796 and donated to the museum in 1817. The latter two 
birds are the syntypes of Ardea bilineata Cuvier in Ees¬ 
son, 1831 (Voisin and Voisin 1996: 604, who designated 
MNHN-ZO-MO1992-242 as the lectotype). The type lo¬ 
cality is lacking and added as: West-Timor, near Kupang 
Bay (article 76a.2.A (ICZN 1999)). Cuvier named this 
species australis or ‘southern’ (Jobling 2017). 

Ardea timoriensis Cuvier 

Ardea timoriensis Cuvier, 1831, in Lesson 1831, Traite d’Orn. 8; 575 
(Timor). 

Ardea alba modesta (J. E. Gray, 1831). See Lesson 1831: 575. - Now. 

Type materials, ‘type’ (lost). At least one specimen was 
collected near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E) between 22 
August and 13 November 1801, by Rene Mauge (Eesson 
1831: 575). 

Comments. Cuvier did not mention how many speci¬ 
mens he examined for his description. He did mention, 
however, that it originated from Timor with Eesueur as 
the source. It could not be traced in the MNHN acquisi¬ 
tion books and neither was timoriensis registered. It can 
therefore be concluded that the Baudin expedition bird 
left the MNHN before 1854. Cuvier named this species 
timoriensis or ‘from Timor, Dutch East Indies’ (Jobling 
2017). A solution for this special case should be found in 
the future (e.g. type-specimen and type-locality). 


Vanellus gallinaceus Lesson 

Vanellus gallinaceus Lesson, 1831, Traite d’Orn. 7: 542 (Timor). 
Vanellus miles (Boddaert, 1783). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-471 
[MNHN A.C. 13015], immature female, near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: (Sticker) Asie Aust. Le Naf^. / 
Expedit. du Capl”^' Baudin/an 11 / Timor - Mauge. (Sticker 
2) (largepart crossed and illegible) / Van gallinaceum /Lord. 
Et Selb /pi. 24 / (illegible) gallinace / Vanellus gallinaceus 
Tern. / Ch. Gallinaceus / Wagl. / Timor. Pedestal label: 
Vanneau gallinace / Vanellus gallinaceus, Lord. Et Selb. / 
Chetusia gallinacean, G.R. Gr. / Charadrius gallinaecueus, 
Wagl. /de Timor, par Mauge. 

Comments. Eesson did not mention how many indi¬ 
viduals he examined. Reference is made by Eesson that 
the type locality was Timor and the collector Mauge. The 
MNHN Mauge specimen was catalogued around 1854 
(MNHN Eaboratory, ZMO-GalOis 4) and represents the 
sole specimen of this species. The bird sent from the 
MNHN to Rouen on 23 April 1806 (Museum d’histoire 
Naturelle, Ee Havre n° 21111, 21114) was not examined 
by Eesson. In the night of 30-31 December 1926, the 
collection was burned (Benedicte Percheron in litt. 28 
December 2016, and Thierry Kermanach in litt. 28 Feb¬ 
ruary 2017). The type locality is restricted to: West-Ti¬ 
mor, near Kupang Bay (article 76a.2.A (ICZN 1999)). 
Eesson named this species gallinaceus or ‘hen, or hens’ 
(Jobling 2017). 

Totanus brevipes Vieillot 

Totanus brevipes Vieillot, 1816, Nouv. Diet. Nat eV 6: 410 (no locality). 
Tringa brevipes (Vieillot, 1816). See Cuvier 1829: 521 (note 2), Lesson 
1831: 552, Pucheran 1851: 370-371, Peters 1931: 270 and Voisin 
and Voisin 2012: 45. - Now. 

Type materials. HOEOTYPE: MNHN-ZO-2012-155 
[MNHN A.C. 13377], adult in summer-plumage, near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: {Sticker) Asie Aust. le NaV / 
Expedit. du Capif^ Baudin / an 11 / Timor p. Mge/ T. bre¬ 
vipes Cuv. (type). Pedestal label: Le Chevalier auxpieds 
courts / Tringa brevipes. Cuv. /de Timor: par Mauge. 

Comments. Vieillot referred to a mounted bird. The 
MNHN specimen was catalogued around 1854 (MNHN 
Eaboratory, ZMO-GalOis 4) and represented the sole 
specimen of this species until 1856 when a specimen 
collected by Constantin de Sabir in the Amur region was 
added to the collection. The holotype also represents the 
only surviving / located syntype of Totanus pedestris 
Eesson 1831 (see below). The type locality is lacking 
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and clarified as: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species brevi- 
pes or ‘short foot’ (Jobling 2017). 

Totanus pedestris Lesson 

Totanuspedestris Lesson, 1831, Trade d’Orn. 7; 552 (Mariannes, Timor). 
Tringa brevipes (Vieillot, 1816). -Now. 

Type materials. SYNTYPE: MNHN-ZO-2012-155 
[MNHN A.C. 13377], adult in summer-plumage, near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: {Sticker) Asie Aust. le Naf^ / 
Expedit. du Capir^ Baudin / an 11 / Timor p. Mge/ T bre¬ 
vipes Cuv. (type). Pedestal label: Le Chevalier ampieds 
courts / Tringa brevipes. Cuv. /de Timor: par Mauge. 

Comments. Eesson referred to (a) bird(s) from the 
Marianas (Quoy and Gaimard), an additional one from 
the Marianas and the bird from the Baudin expedition. 
Eesson aged the Mauge bird incorrectly as a young bird. 
The MNHN specimen was catalogued around 1854 
(MNHN Eaboratory, ZMO-GalOis 4) and represents the 
sole specimen of this species until 1856 when a speci¬ 
men collected by Constantin de Sabir in the Amur region 
was added to the collection. The syntype listed here also 
serves as the holotype of Totanus brevipes Vieillot 1816, 
for comments see above. The type locality of the Timor 
bird is restricted to: West-Timor, near Kupang Bay (ar¬ 
ticle 76a.2.A (ICZN 1999)). Vieillot named this species 
pedestris or ‘foot’. 

Hemipodius maculosus Temminck 

Hemipodius maculosus Temminck, 1815, Hist. Nat. Gen. Pigeons Gal- 
linaces 3: 631, 757 (le continent de la Nouvelle-Hollande). 

Turnix maculosus (Temminck, 1815). See Peters 1934: 144, van den 
Hoek Ostende et al. 1997; 53 and Voisin and Voisin 2015: 54 and 
57. - Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-2001-543 
[MNHN A.C. 12676], adult female, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: (Sticker) Asie Aust. CV Le NaC / 
Expedit. Du Cap'”^ Baudin / an XI /134 / Vieill. (partially 
illegible) planche 217. 1. 11676 / (illegible) maculatus 
/ Hempidus maculosus (illegible). 2. Turnix maculosus 
(Tern.). Pedestal label: Turnix maculosa (Tern.) /T. macu- 
lata (V.) Type / Exp. Baudin Asie. 

SYNTYPE: RMNH.AVES.87.424, adult female, near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0'’S; 123°35'0'’E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: He. maculosus/T. mauchete/male 
/ Vieill. PI 217 / Oceanic. Pedestal label: Turnix maculo¬ 


sa / Cat. 1. / Hemipodius maculosus / Turnix mouchete / 
Temm. Pig et Gall. / Viell. PI. 17 / Oceanie / $ / Type / S 
/1812. Pedestal label: absent. 

SYNTYPE (lost): near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°ir0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Comments. Temminck stated that the Baudin expedi¬ 
tion brought back three specimens which entered the 
MNHN (Voisin and Voisin 2015: 54). One specimen is 
therefore missing. The MNHN specimen was catalogued 
around 1854 (MNHN Eaboratory, ZMO-GalOis 4) and 
represents the sole specimen of this species. The RMNH 
specimen was exchanged with Temminck in 1812. At that 
time, Temminck had one of the largest private collections 
in Europe (Jansen 2017a). The two surviving syntypes, 
and likely the missing third syntype as well, are also the 
type series of Turnix maculatus Vieillot 1819. The type 
locality is erroneous (le continent de la Nouvelle-Hol¬ 
lande), and therefore corrected and restricted to: West-Ti¬ 
mor, near Kupang Bay (article 76a.2.A (ICZN 1999)). 
Temminck himself described this species and named it 
maculosus or ‘spotted’ (Jobling 2017). 

Turnix maculatus Vieillot 

Turnix maculatus NisiWot, 1819, Vomv. Diet. Nat. ed. 35: 47 (Assam). 
Turnix maculosus Temminck, 1815. See Hellmayr 1914: 94-96, van den 
Hoek Ostende et al. 1997: 53 and Voisin and Voisin 2015: 54 and 57 - 
Now. 

Type materials. The three SYNTYPES are the same as 
Hemipodius maculosus Temminck. 

Comments. Vieillot refers to the Baudin expedition and 
an Australian orgin, but not to the number of specimens 
examined. Vieillot referred to Temminck (1815) for the 
birds he examined. The three syntypes form part of the 
type series of Hemipodius maculosus Temminck 1815, as 
well. The type locality is erroneous (Assam), and therefore 
corrected and restricted to: West-Timor near Kupang Bay 
(article 76a.2.A(ICZN 1999)). Vieillot, described this spe¬ 
cies and named it maculatus or ‘spotted’ (Jobling 2017). 

Glareola isabella Vieillot 

Glareola isabellaN'iQxWoX, \ ^\6,Ana. d’unenouv. orn. elem.: 69 (I’Aus- 
tralasie). 

Stiltia isabella (Vieillot, 1816). See Mathews 1913: 74 and Voisin and 
Voisin 2012: 51 - Now. 

Type materials. SYNTYPE: MNHN-ZO-2012-162 
[MNHN A.C. 13084], male non-breeding, near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: n°161 de Peron / asie australe / 
expedition de decouverte / an 11. / Glareola australis / 
Leach S- 3. Glareola grallaria Tern. / Glareola / isabella 
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/ Vieill. type /gal. 263. Pedestal label: Glareolagrallaria 
(Tern.) /M. Peron Australie / Gl. isabellina V. (T). 

SYNTYPE: MNHN-ZO-2014-453 [MNHN A.C. 
13083], female (moulting in summer-plumage), near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0'’S; 123°35'0''E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: De Peron /No 161 / A. / Glareo¬ 
la Isabella Vieillot / Glareola grallaria Temm. / Glareola 
Australia Leach / F 3 / ^ / A. Pedestal label: Glareola 
grallaria $ / (Tern.) /M. Peron Australie 

Comments. Vieillot did not mention the number of speci¬ 
mens he examined. The MNHN specimens were cata¬ 
logued around 1854 (MNHN Eaboratory, ZMO-GalOis 
4) and represent the only specimens of this species. The 
syntypes of Glareola Isabella also form part of the type 
series of G. grallaria Temminck 1820. The type loca¬ 
lity is erroneous (TAustralasie), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A(ICZN 1999)). Vieillot named this species isabel- 
la or ‘isabelline-coloured’ (Jobling 2017). 

Glareola grallaria Temminck 

GlareolagrallarialQmmm^ck, \ 820, Man. d’Orn.: 503 (1’Austral-Asie). 
Stiltia Isabella (Vieillot, 1816). See van den Hoek Ostende et al. 1997: 
70 and Voisin and Voisin 2012: 51. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2012-162 
[MNHN A.C. 13084], male non-breeding, near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0'’S; 123°35'0'’E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: n°161 de Peron / asie australe / 
expedition de decouverte / an 11. / Glareola australis / 
Leach S- 3. Glareola grallaria Tern. / Glareola / Isabella 
/ Vieill. type /gal. 263. Pedestal label: Glareola grallaria 
(Tern.) /M. Peron Australie / Gl. isabellina V. (T). 

SYNTYPE: MNHN-ZO-2014-453 [MNHN A.C. 
13083], female (moulting in summer-plumage), near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0''S; 123°35'0'’E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: De Peron /No 161 /A. / Glareo¬ 
la Isabella Vieillot / Glareola grallaria Temm. / Glareola 
Australia Leach / F 3 / ^ / A. Pedestal label: Glareola 
grallaria $ / (Tern.) /M. Peron Australie 

SYNTYPE: RMNH.AVES.87.567, adult male 
non-breeding, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Glareola grallaria /$ Temm Ma¬ 
nuel / Cat. N.° 1 / Mus. Par / Australie. Pedestal label: 
Glareola grallaria $ ad: Cat. 1 / Musee de Paris Australie. 

Comments. Temminck did not mention the number of 
specimens or in which collection he examined them. The 


MNHN specimens were catalogued around 1854 (MNHN 
Eaboratory, ZMO-GalOis 4) and represent the only speci¬ 
mens of this species. The MNHN syntypes are also the 
type material of Glareola Isabella Vieillot 1816. The type 
locality is erroneous (T Austral-Asie), and therefore cor¬ 
rected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Temminck named this 
species grallaria or ‘stilt-walker’ (Jobling 2017). 


Ninox fusca Vieillot 

Ninox fusca Vieillot, 1817, Nouv. Diet. Nat. ed. 1 : 22 (Saint-Domingue 

and Porto-Rico). 

Ninox boobook fusca (Vieillot, 1817). See Sharpe 1875: 256 and Voisin 

and Voisin 2011: 24-25. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2010-277 
[MNHN A.C. 784], female, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Strix maugei/Tern. /Expedition du 
Cap. Baudin / enAmerique aux Antilles / tue par Mauge / 
Strix fusca, Vieillot/ L. renseigt d. localit. / me parait fort 
/ douteux / Athene boobook / Lath. / vient / d Australie 
/ et nondes Antilles / [illegible]. Pedestal label: Athene 
Boobook $ /Latham /Mauge Australie. 

Comments. The type description lists the wrong collecting 
location (Saint-Domingue and Porto-Rico) and it refers 
to two specimens. In the catalogue, notes can be found 
under the old registration number MNHN A.C. 783 (= 
MNHN-ZO-2010-276) stating that this specimen repre¬ 
sents the type for Ninox fusca (Vieillot 1817) and Ninox 
maugei (Temminck 1823). And for the MNHN A.C. 784 
(= MNHN-ZO-2010-277) it is noted as Ninox boobook 
(Eatham 1801). Measurements taken on 25 April 2017 
(Jerome Fuchs in litt.) show that MNHN-ZO-2010-277 
has a wing-length of 220 mm. And the female MNHN- 
ZO-2010-276 has an average wing-length of 251 mm 
(left 250, right 252). Identifiying MNHN-ZO-2010-277 
with plumage characters and measurements as Ninox 
boobook fusca and MNHN-ZO-2010-276 as Ninox 
boobook boobook. 

Both specimens are the only ‘old’ Australian-Timor 
specimens in the MNHN and both specimens were listed 
as having been collected in the Antilles. These notes are 
attached to the wrong specimen. The only similair owls 
from the Antilles and Puerto Rico in the museum at that 
moment with which they could have been confused, 
were the Puerto Rican Screech-owl Megascops nudipes 
(Daudin 1800) (MNHN-ZO-MO-2010-272, MNHN-ZO- 
MO-201-273) and the Tropical Screech-owl Otus choliba 
crucigerus (Spix 1824) (MNHN-ZO-MO-2010-287) 
although neither match the description. Erroneous notes 
were clearly taken by Vieillot. Therefore, the syntype 
status as noted in Voisin and Voisin 2011: 24-25 needs to 
be corrected for specimen MNHN-ZO-2010-276. The type 
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localities are erroneous (Saint-Domingue and Porto-Rico), 
and therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot named 
this species fusca or ‘dusky’ (Jobling 2017). 

Strix maugei Temminck 

Strix raaMge/Temminck, 1823, Planches Coloriees 3: pi. 46 (Antilles). 
Ninox boobookfusca (Vieillot, 1817). See Voisin and Voisin 2011: 24-25. 
-Now. 

Type materials. The SYNTYPE is the same as Ninox 
fusca Vieillot. 

Comments. Temminck mentioned that the species was 
present in the MNHN and originated from the Antilles. 
Temminck copied Vieillot about the bird’s origin. The 
syntype is also that of Ninox fusca Vieillot 1817. The type 
localities are erroneous (Antilles), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Temminck commemorated Rene 
Mauge when giving it its Latin name. See Ninox fusca. 

Nisus australis Lesson 

Nisus australis hQsson, 1830, Traite d’Orn. 1; 61 (Nouvelle-Hollande). 
Accipiter fasciatus (Vigors & Horsfield, 1827). See Voisin and Voisin 
2001: 184-185.-Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-1999-2128 
[MNHN A.C. 656], adult male, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Asie Australe / le Naturaliste / 
Exp. du Cap. Baudin / an 11 / 656/jeun d I ’annee /Astur 
torquatus Tern. / Nisus australis (Less.) / Type de Lesson. 
Pedestal label: Astur torquatus (Tern.) / Nisus australis 
(Less.) Type / Exp. Baudin, Timor. 

SYNTYPE: MNHN-ZO-MO-1999-2129 [MNHN 
A.C. 660], immature male, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Asie Australe / le Naturaliste 
/ Exp. du Cap. Baudin / an 11 /par Mauge / 660 / Astur 
torquatus Tern. /Nisus australis (Less.) / Type de Lesson. 
Pedestal label: Astur torquatus (Tern.) / Nisus australis 
(Less.) Type / Exp. Baudin, Timor. 

Comments. Described by Lesson as originating from 
‘Nouvelle-Hollande’ or Australia, with Peron as its ori¬ 
gin; the number of specimens is not cited. They were the 
only two specimens in the MNHN until another speci¬ 
men from Tasmania arrived from Maison Verreaux in 
1844. It is identified in the Parisian catalogue (MNHN 
Laboratory, ZMO-GalOis 1) as Collared Sparrowhawk 
Accipiter cirrocephalus (Vieillot 1817). However, both 
syntypes are in fact Brown Goshawks Accipiter fascia¬ 


tus (Vigors and Horsfield 1827) (contra Voisin and Voisin 
2001: 184-185), and are misidentifications and therefore 
corrected (article 67.13 (ICZN 1999)). Their identifica¬ 
tion as A. fasciatus is based on the rounded tip of the 
tail and the position of the knuckle on the outer and 
middle toes, which are longer than cirrocephalus (Menk- 
horst et al. 2017). These specimens are also syntypes of 
Falco torquatus (Cuvier 1821), and Accipiter fasciatus 
hellmayri (Stresemann 1953). The type locality is errone¬ 
ous (Nouvelle-Hollande), and therefore corrected and re¬ 
stricted to: West-Timor, near Kupang Bay (article 76a.2.A 
(ICZN 1999)). Lesson named this species australis or 
‘southern’ (Jobling 2017). 

Falco torquatus Cuvier 

Falco torquatus Cuvier, 1821, in Temminck, Planches Coloriees liv. 8: 
43, 93 (Nouvelle-Hollande). 

Accipiter fasciatus (Vigors & Horsfield, 1827). See Voisin and Voisin 
2001: 184-185-Now. 

Type materials. The two SYNTYPES are the same as 
Nisus australis Lesson. 

Comments. Cuvier mentioned that specimens were 
present in both the MNHN and RMNH. Contra Voisin 
and Voisin (2001: 184-185) they represent Brown Gos¬ 
hawks Accipiter fasciatus (Vigors and Horsfield 1827) 
and not Collared Sparrowhawk Accipiter cirrocepha¬ 
lus (Vieillot 1817), and therfore are misidentifications 
and needed to be corrected (article 67.13 (ICZN 1999)). 
Stresemann (1953) refers to Falco torquatus Rafinesque 
1814 from Sicily, and refers to Temminck (= Cuvier) 
1821, and replaces the junior homonym with Accipiter 
fasciatus hellmayri Stresemann 1953, Jour. f. Orn. LXX: 
129 (Nouvelle-Hollande). The type locality is erroneous 
(Nouvelle-Hollande), and therefore corrected and re¬ 
stricted to: West-Timor, near Kupang Bay (article 76a.2.A 
(ICZN 1999)). Cuvier named this species torquatus or 
‘coloured’ (Jobling 2017). See Nisus australis. 

Alcedo moluccana Lesson 

Alcedo moluccana Lesson, 1826, Zool. de la Coq. 1: 343 (no locality; 

the specific epithet suggests Moluccas). 

Alcedo atthis bengalensis (Gmelin, 1788). - Now. 

Type materials. HOLOTYPE: MNHN-ZO-2014-417 
[MNHN A.C. 3559], adult female, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0'’E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor / M. Mauge / Exp. Cap. 
Baudin / NaC / 3559 /Alcedo Bengalensis / Gm. Pede¬ 
stal label: Alcedo bengalensis / (Gm.) /M. Mauge Timor. 

Comments. Lesson provided no details on where and how 
many specimens were examined. Given that he only stu¬ 
died birds in the MNHN (MNHN Laboratory, ZMO-Ga- 
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lOis 2), this is the holotype of the species as it was the 
only specimen until 1820 (and from the Moluccas), when 
another specimen collected in ‘Bengale’ by Dussumier 
was added to the collection. This female was described 
by Peron (Museum d’histoire Naturelle, Le Havre no 
79125Bv) as ‘Martin-pecheur riviere de Timor’. The type 
locality is erroneous (Moluccas), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species mo- 
luccana or ‘from the Moluccas’ (Jobling 2017). 

Alcedo australasia Vieillot 

Alcedo australasia Vieillot, 1818,7Vomv. Diet. Nat. ed 19: 419 (no local¬ 
ity; the specific epithet suggests Australasia). 

Now; Todiramphus australasia (Vieillot, 1818). See Pucheran 1853: 
389-390 and Hellmayr 1914: 68. - Now. 

Type materials. HOLOTYPE: MNHN A.C. 3488, adult, 
near Kupang Bay, Kupang, East Nusa Tenggara, West- 
Timor (10°ir0"S; 123°35'0"E), between 22 August and 
13 November 1801, by Rene Mauge. 

Tag: Halcyon Australasia /Exp. Baudin Timor (Vieill.) 
/ M. Mauge (no 139) other side: Cat. des. gal. 184 (3488). 

Comments. The type description by Vieillot provides 
no details as to how many specimens were involved and 
from which collection they were examined. This speci¬ 
men was the sole representative of the species up to the 
early 1900’s (MNHN Eaboratory, ZMO-GalOis 2). The 
type locality is erroneous (Australasia), and therefore cor¬ 
rected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Vieillot named this spe¬ 
cies australasia or ‘southern’ (Jobling 2017). 


Psittacus jonquillaceus Vieillot 

Psittacus jonquillaceus Vieillot, 1817, Nouv. Diet. Nat. ed. 25; 352 
(Nouvelle-Hollande). 

Now; Aprosmictus jonquillaceus (Vieillot, 1817). See Pucheran 1851: 
562, Peters 1937: 248 and Voisin and Voisin 2008; 483-484. - Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-2004-97 
[MNHN A.C. 1346], adult, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: 1346 / Platycerque ensanglante / 
Platycercus vulneratus / Wagl. / un der types / Wagler. / 
Exp. De Cap. Baudin / Mauge / C ’est de jonquillaceus / 
Vieillot. (un des types). Pedestal label: Platycercus vul¬ 
neratus / P jonguillaceus (V.) T / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-MO-2004-104 [MNHN A.C. 
1345], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: 1345 / Platycerque ensanglante / 
Platycercus vulneratus Wagl. /Timor (illegible) /Mauge/ 
un der types/ Wagler (illegible) /P jonquillaceus/ Vieillot 


(illegible) types. Pedestal label: Platycercus vulneratus / 
P jonquillaceues (V) T / Exp. Baudin Timor. 

SYNTYPE: NMS_Z 1929.186.12, adult, near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°ir0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

The information available for the NMS bird is Dufres- 
ne Ms 1818, 20: Psittacus jonquillaceus, La. P Jonquille, 
une belle variete, M^^Hollande. 

Comments. Vieillot referred neither to the number 
of available specimens nor to the collection where he 
examined the species. Both MNHN birds were the only 
two specimens (MNHN Eaboratory, ZMO-GalOis 1) 
until Temminck provided a male from Timor in 1844. The 
specimen now in NMS left the MNHN at an unknown 
date, but probably not before 1818, and should have been 
examined by Vieillot. It has therefore been considered part 
of the type-series. For this reason, it is assumed that the 
NMS syntype does not double as syntype for Platycercus 
vulneratus Wagler 1832, in contrast to the MNHN 
syntypes. The type locality is erroneous (Nouvelle- 
Hollande), and therefore corrected and restricted to: West- 
Timor, near Kupang Bay (article 76a.2.A (ICZN 1999)). 
Vieillot named this species jonquillaceus or ‘narcissus’ 
(Jobling 2017). 

Platycercus vulneratus Wagler 

Platycercus vulneratus Wagler, 1832, Monographia Psittacorum: 704 
(Timor). 

Aprosmictus jonquillaceus (Vieillot, 1817). See Pucheran 1851: 562 and 
Voisin and Voisin 2008: 483-484. - Now. 

Type materials. SYNTYPE: MNHN-ZO-MO-2004-97 
[MNHN A.C. 1346], adult, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: 1346 / Platycerque ensanglante / 
Platycercus vulneratus / Wagl. / un der types / Wagler. / 
Exp. De Cap. Baudin / Mauge / C ’est de jonquillaceus / 
Vieillot (un des types). Pedestal label: Platycercus vul¬ 
neratus / P. jonguillaceus (V.) T / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-MO-2004-104 [MNHN A.C. 
1345], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°ir0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: 1345 / Platycerque ensanglante / 
Platycercus vulneratus Wagl. /Timor (illegible) /Mauge/ 
un der types / Wagler (illegible) /P jonquillaceus / Vieillot 
(illegible) types. Pedestal label: Platycercus vulneratus / 
P jonquillaceues (V) T / Exp. Baudin Timor. 

Comments. Wagler did not mention how many speci¬ 
mens he examined, but clearly those in the MNHN (Voi¬ 
sin and Voisin 2008: 483^84). There were originally two 
specimens, followed by a male from Timor, donated by 
Temminck in 1844 (MNHN Eaboratory, ZMO-GalOis 1). 
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Both syntypes also form part of the type series of Psitta- 
cus jonquillaceus Vieillot 1817. The type locality Timor 
is restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Wagler named this species vul- 
neratus or ‘wounded’ (Jobling 2017). 

Psittacula batavensis Wagler 

Psittacida batavensis Wagler, 1832, Monographia Psittacorum: 624 
(Java, Nova Hollandia austral!). 

Geojfroyus geoffroyi (Bechstein, 1811). See Voisin and Voisin 2008: 
481.-Now 

Type materials. SYNTYPE: MNHN-ZO-MO-2004-93 
[MNHN A.C. 1481], male, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor /Exp. Cap. Baudin /1481 / 
S / Geojfroyus batavensis / Wagl. / Type (added with pen: 
Geojfroyus geoffroyi geoffroyi / (Bechstein)). Pedestal la¬ 
bel: Geojfroyus batavensis/S /(Wagl) Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-MO-2004-102 [MNHN A.C. 
1482], adult female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Cap. Baudin / an XI / n° 
3 / 1482 / $ / Geojfroyus bataviensis / Wagl. / Type. 
Pedestal label: Geojfroyus batavensis / $ / (Wagl.) Exp. 
Baudin Timor. 

Comments. These two syntypes were the only two 
specimens in the MNHN until a specimen arrived with 
La Zelee from Dumont d’Urville’s Astrolabe expedi¬ 
tion (1837-1840), donated by Hombron and Jacquinot 
(MNHN Eaboratory, ZMO-GalOis 1). Wagler did not 
mention the number of specimens examined, only that 
they were present in MNHN. Other Baudin expedition 
specimens (not examined by Wagler) is one bird in C.J. 
Temminck’s private collection (Temminck 1807: 33, n° 
1060) and two birds that arrived in 1815 in NMW (NMW 
50.150 and NMW 50.149). The type localities are erro¬ 
neous (Java and Nova Hollandia australi), and therefore 
corrected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Wagler named this species 
batavensis or ‘from Batavia’ (Jobling 2017). 

Melithreptus flavicans Vieillot 

Melithreptusflavicans WiQiWoi, 1817, TVomv. Diet. Nat. 14; 325 (Nou- 

velle-Hollande). 

Lichmeraflavicans (Vieillot, 1817). See Hellmayr 1916; 102. -Now. 

Type materials. SYNTYPE: MNHN-ZO-2010-462 
[MNHN A.C. 10176], adult, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 


Pedestal underside: Timor /Exp. Baudin/Le Naturaliste 
/ Peron et Lesueur / anXI/10176 No 29 / Ptilotis/flavicans 
V. / Type. Pedestal label: Ptilotis flavicans / Type (Vieill.) / 
Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-2010-463 [MNHN A.C. 
10177], adult, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor/Naturaliste/Cap. Baudin 
/anXI/10177/Ptilotisflavicans/ V. /Type. Pedestal label: 
Ptilotis flavicans / Type (Vieill.) / Exp. Baudin Timor. 

Comments. Vieillot did not describe how many birds 
were involved and where they were examined. They 
were the only two specimens in the MNHN (MNHN 
Eaboratory, ZMO-GalOis 4). The syntypes also formed 
the basis for Meliphaga maculata Temminck 1820. The 
type locality is erroneous (Nouvelle-Hollande), and 
therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot 
named this species flavicans or ‘becoming yellow’ (Job¬ 
ling 2017). 

Meliphaga maculata Temminck 

Meliphaga maculata Temminck, 1820, Man. d’Orn. Liv. 5: plate 29, 
fig. 1 (r Oceanic). 

Lichmera flavicans (Vieillot, 1817). See Hellmayr 1916: 102. - Now. 

Type materials. The two SYNTYPES are the same as 
Melithreptus flavicans Vieillot. 

Comments. Temminck did not mention the number of 
specimens he examined in the MNHN. The only two 
specimens in the MNHN were the birds collected at 
the Baudin expedition (MNHN Eaboratory, ZMO-Ga- 
lOis 4). These syntypes also are those of Melithreptus 
flavicans Vieillot 1817, making it an objective junior 
synonym. The type locality is erroneous (T Oceanic), 
and therefore corrected and restricted to: West-Timor, 
near Kupang Bay (article 76a.2.A (ICZN 1999)). Tem¬ 
minck, named this species maculata or ‘spotted’ (Job¬ 
ling 2017). 

Philedon buceroides Swainson 

Philedon buceroides Swainson, 1837, Anim. Menag:. 325-326 (New 
Holland). 

Philemon buceroides Swainson, 1837. See Pucheran 1858; 469 and 
Hellmayr 1916; 101-102. - Now. 

Type materials. HOEOTYPE: MNHN-ZO-2010-472 
[MNHN A.C. 10100], immature, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Australie / C^**^ L. Naturaliste /M. 
Mauge / Capf Baudin /10.100 / Philemon = / (illegible) 
= buceroides / P. timoriensis SW / (Mull) Type. Pedes- 
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tal label: Philemon buceroides (Sw.) /timoriensis (Mull.) 
Type / Exp. Baudin Timor. 

Comments. Swainson studied one bird in the MNHN. 
The Baudin expedition bird represents the only specimen 
in the MNHN (MNHN Laboratory, ZMO-GalOis 4). The 
bird which was once in NMS (Dufresne Ms 1818: 87) 
was not a type and is no longer present (Bob McGowan in 
litt.). The type locality is erroneous (New Holland), and 
therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Swainson 
named this species buceroides or ‘resembling a hombilT 
(Jobling 2017). 

Meliphaga reticulata Temminck 

Meliphaga reticulata Temminck, 1824, Planches Coloriees 5: pi. 29, 
fig. 2 (Timor). 

Meliphaga reticulatus Temminck, 1824. See Pucheran 1858: 469 and 
Hellmayr 1916: 101-102. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2010-450 
[MNHN A.C. 10178], adult, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0'’S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor / an XI Baudin / Peron et 
Lesueur / Le Naturaliste / 10178 / Ptilotis reticulate / 
(Type) (Tern.). Pedestal label: Ptilotis reticulata / Type 
(Tern.) / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-2010-451 [MNHN A.C. 
10179], adult, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor /Le Naturaliste /Exp. Bau¬ 
din / Peron et Lesueur / an XI /10179 / Ptilotis reticula¬ 
ta / Tern. / Type. Pedestal label: Ptilotis reticulata / Type 
(Tern.) / Exp. Baudin Timor. 

Comments. Temminck only mentioned that the species 
could be found in the MNHN. The only two specimens at 
the MNHN at the time of writing are birds from the Bau¬ 
din expedition (MNHN Eaboratory, ZMO-GalOis 4). The 
specimen now in NMW (NMW 35.339) left the MNHN 
by 1815, was not examined by Temminck, and has no 
type status. The type locality is restricted to: West-Timor, 
near Kupang Bay (article 76a.2.A (ICZN 1999)). Tem¬ 
minck named this species reticulata or ‘reticulated/with 
net-like markings’ (Jobling 2017). 

Sphecotera viridis Vieillot 

Sphecotera viridis Vieillot, 1816, Ana. d’une nouv. elem. orn.: 68 
(I’Australasie). 

Sphecotheres viridis Vieillot, 1816. See Quoy and Gaimard 1824: 103 
and Lesson 1831: 351. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2012-677 
[MNHN A.C. 9636], adult male, near Kupang Bay, 


Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: (Sticker) Asie Aus.C.te Le Nat.* ^. 
Expedit. Du Cap! Baudin / an 11 / Timor / Mauge (the 
remainder of the pedestal is faded). Pedestal label: Sphe- 
cothere verte, S / Sphectothere viridis / Sphectotherus 
virescens / Grauculus viridis, Quoy and Gaimard / de 
Timor, par Mauge. 

SYNTYPE: MNHN-ZO-2012-680 [MNHN A.C. 
9634], adult female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Pie grieche (illegible) / (Sticker) 
Asie Aust. Cv"® Le NaE^ / Expedit. Du CapE^ Baudin / an 
11 /Sphecothera grisca. Less / Type. Pedestal label: Sphe- 
cothere australe / Sphectothera / australis /panicollis / Sw. 
/ Sphectotherus grisea. Less (T.) / Lanius asturinus Geoff. 
St. H. (T) / Nouvelle-Hollande par Peron et Lesueur. 

SYNTYPE: MNHN-ZO-2012-681 [MNHN A.C. 
9640], adult female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Pie grieche (illegible) / (Sticker) 
Asie A ust. Le Nat. / Expedit. Du Capt. Baudin /anil 

/Sphecothera grisca. Less / Type (illegible) Sphectothere. 
Pedestal label: Sphecothere verte, S /Sphectothere viridis 
/ Sphectotherus grisea. Less (T.) / Lanius asturnius, Geof. 
St H. (T) / de Timor, par Peron et Lesueur 

SYNTYPE: MNHN-ZO-2012-698 [MNHN A.C. 
9639], adult male, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Sphecothere verte (Sticker) Asie 
Aus.C.te Le NaE. Expedit. Du Cap. Baudin / an 11 / Ti¬ 
mor / Mauge / (illegible) colliera Viell / Viello (illegible). 
Pedestal label: Sphecothere verte, f, Vieill. Gal, 147 (T) / 
Sphectothere viridis / Sphectotherus virescens Vieill. (T.) / 
Grauculus viridis, Quoy et Gaimard/de Timor, par Mauge. 

SYNTYPE (lost). The information available for the 
NMS bird is Dufresne Ms 1818, 16: Sphectothere viridis, 
Le Choucar vert Cuvier, HolD, rare (Timor). Not 
found in 2016-2017 (Bob McGowan in litt.). 

Comments. Vieillot did not mention the number of speci¬ 
mens he examined or from which collection. These were 
the only specimens in the MNHN until one arrived via 
Maison Verreaux (Natural History merchants from Paris) 
in 1830 (MNHN Eaboratory, ZMO-GalOis 3). A speci¬ 
men in the NMS could have been examined by Vieillot 
and is therefore designated as a type-specimen. Another 
Baudin expedition specimen, present in NMW (NMW 
52.648) had already arrived by 1806 and is not part of the 
type-series as it was not examined by Vieillot. The same 
applies for the bird documented in Temminck (1803-04: 
27) and Temminck (1807: 50 and 204, n° 320). Unfor¬ 
tunately, the Eeiden specimen could not be checked due 
to the closure of the collection between 2016-2019. The 
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syntypes listed above, except the NMS-syntype, also 
represent the type material of Sphecothera grisea Lesson, 
1830 and Lanius asturinus Lesson, 1830. The type loca¬ 
lity is erroneous (TAustralasie), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A(ICZN 1999)). Vieillot, named this species viridis 
or ‘green’ (Jobling 2017). 

Sphecothera grisea Lesson 

Sphecothera grisea Lesson, 1830, Traite d’Orn. 5: 351 (terres Australes). 
Sphecotheres viridis (Vieillot, 1816). See Quoy and Gaimard 1824: 103 
and Lesson 1831: 351. -Now. 

Type materials. The five SYNTYPES are the same as 
Sphecotera viridis Vieillot. 

Comments. Lesson did not mention the number he 
examined nor in which collection. The syntypes of 
Sphecothera grisea are also part of the type series of 
Sphecothera viridis Vieillot 1816. The type locality is er¬ 
roneous (terres Australes), and therefore corrected and re¬ 
stricted to: West-Timor, near Kupang Bay (article 76a.2.A 
(ICZN 1999)). Lesson named this species grisea or ‘grey’ 
(Jobling 2017). See Sphecotera viridis. 

Lanius asturinus Lesson 

Lanius asturinus Lesson, 1830, Traite d’Orn. 5: 351 (terres Australes). 
Sphecotheres viridis (Vieillot, 1816). See Quoy and Gaimard 1824: 103 
and Lesson 1831: 351.- Now. 

Type materials. The five SYNTYPES are the same as 
Sphecotera viridis Vieillot. 

Comments. Eesson did not mention the number of speci¬ 
mens he examined or the collection. These were the only 
specimens in the MNHN until another one arrived via Mai- 
son Verreaux in 1830 (MNHN Eaboratory, ZMO-GalOis 
3). Other specimens which are not regarded as types are: 
NMW 52.648, which arrived in NMW in or before 1806; 
one in C. J. Temminck’s private collection, which could 
presently be in Naturalis (Temminck 1803-04: 27, Tem- 
minck 1807: 50 and 204, n° 320) and one specimen which 
could not be located in NMS (Dufresne Ms 1818: 16). The 
type locality is erroneous (terres Australes), and therefore 
corrected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Eesson named this species 
asturinus or ‘goshawk like’ (Jobling 2017). 

Turdus Suerii Vieillot 

Turdus Suerii Vieillot, 1818, Nouv. Diet. Nat. ed. 20: 270 (Nou- 
velle-Hollande). 

Lalage sueurii (Vieillot, 1818). See Mathews 1914: 104, Hellmayr 
1916: 99-100 and Dickinson et al. 2002: 40. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2012-683 
[MNHN A.C. 9821], non-breeding male, near Kupang 


Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0'’S; 123°35'0''E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: Australie / Exp. Baudin / Timor 
/ 9821 / Lalage timoriensis / Turdus sueri / type Vieill. 
Pedestal label: Lalage timorensis (Mull) / T sueurii Type 
(V.) / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-2012-674 [MNHN A.C. 
9823], immature, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Exp. Baudin / Mauge / 
9823 / an 11 / Lalaga timorensis / Mull / L. leucopoea / 
Type et Vieill. Pedestal label: Lalage timorensis (Mull) /S. 
leucophaca Type (V.) / Exp. Baudin Timor. 

Comments. This species was only present in the MNHN, 
but Vieillot did not list the number of specimens. These 
specimens represent the only two listed in the registra¬ 
tion book (drafted in roughly 1854) (MNHN Eaborato¬ 
ry, ZMO-GalOis 3), as originating from Timor. Another 
specimen collected in the Philippines by Dussumier en¬ 
tered the collection in 1820. The syntypes also constitute 
the types of Sylvia leucophcea Vieillot 1817 (see below), 
making them objective synonyms. The type locality is 
erroneous (Nouvelle-Hollande), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot commemorated Charles 
Alexandre Eesueur when naming this bird. 

Sylvia leucophoea Vieillot 

Sylvia leucophoea Vieillot, 1817, Nouv. Diet. Nat. M. 11: 189 (Nou¬ 
velle-Hollande). 

Lalage sueurii (Vieillot, 1818). - Now. 

Type materials. The two SYNTYPES are the same as 
Turdus Suerii Vieillot. 

Comments. An unknown number of specimens was de¬ 
scribed by Vieillot. These specimens represent the only two 
in the registration book (MNHN Eaboratory, ZMO-GalOis 
3). Another specimen collected in the Philippines by Dus¬ 
sumier entered the collection in 1820. The name suerii su¬ 
persedes the chronologically senior name leucophaea, this 
needs to be subject to additional research. The syntypes are 
the same as that of Turdus Suerii Vieillot 1818. The type 
locality is erroneous (Nouvelle-Hollande), and therefore 
corrected and restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A(ICZN 1999)). Vieillot named this species 
leucophaea or ‘shining white’ (Jobling 2017). 


Artamus cinereus Vieillot 

Artamus cinereus Vieillot, 1817, Nouv. Diet. Nat. ed. 17: 297 (Timor). 
Artamus cinereus perspicillatus (Bonaparte, 1850). See Valenciennes 
1820: 23, Wagler 1827 (Leptopteryx 4), Ford 1978, Mees 1982: 
164, Schodde and Mason 1999: 566 and Dekker and Quaisser 2006: 
57-58.-Now. 
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Type materials. LECTOTYPE: RMNH.AVES.90.493, 
adult, near Kupang Bay, Kupang, East Nusa Tenggara, 
West-Timor (10°ir0"S; 123°35'0"E), between 22 August 
and 13 November 1801, by Rene Mauge. 

Tag: from O. Finsch hand (drafted around 1900): Kat. 
N° 1 ad. Type temminck /Artmaus cinereus Vieill. 1817 / 
Sharpe Cat. Brit. M. XIIIp. 16/Cabinet Temminck 1807/ 
Australia (N.S.W., Tern). Other side tag: Type “TAngroyan 
gris Tern. Cat. Syst. 1807 p. 102 n° 166 (Nouv. Gall. / 
merid.) ib. p. 232 (illegible) / Spater: Ocypterus cinereus 
/Australie “by Tern ” on label. A new tag is attached when 
the specimen was typified see Dekker & Quaisser 2006. 
The bird is documented in Temminck (1804-05: 59) and 
Temminck (1807: 102, 232, n° 166). 

PARAEECTOTYPE: MNHN-ZO-2010-488 [MNHN 
A.C. 9620], immature, near Kupang Bay, Kupang, East 
Nusa Tenggara, West-Timor (10° 1 TO" S; 123°35'0"E), be¬ 
tween 22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: 1 (Sticker) Asie aust. CovCLeNaC 
/ Expedit. du Capf Baudin / an XI/ Timor par Mauge. 2. 
Lanrayer ligne blanc. 3. Art. luneaus Vieillot juene age 
/ Type de Vieillot / Ocypetrus albovittatus / (illegible) / 
(illegible) /fig 2. Pedestal label: Le Langrayen a lignes 
blanches Cuv. / Ocypetrus albo-vittatus Val. Mem.Mus VS 
PI 8, 1 /de Timor: par Mauge. 

PARAEECTOTYPE: MNHN-ZO-2010-489 [MNHN 
A.C. 9608], adult, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Asie Aust. Cve**^ NaC/Ex¬ 

pedit. Du Cap. Baudin / an XI / Par Mauge. 1. Artamus 
cinereus / Vieillot / type de Vieillot. Pedestal label: Arta¬ 
mus cinereus / T. (V.) / Mauge Timor. 

PARAEECTOTYPE: NMS_Z 1929.186.134, adult, 
near Kupang Bay, Kupang, East Nusa Tenggara, West-Ti¬ 
mor (10°11'0"S; 123°35'0"E), between 22 August and 13 
November 1801, by Rene Mauge. 

The information available for the NMS bird is Du- 
fresne Ms 1818, 6: Artamus perspicillatus (added later), 
Le Langraien Gris, de Timor, 1929.186.134 (added later). 

No original label. 

Comments. Vieillot only mentioned the type locality 
and not the number of specimens examined. The 
MNHN-Baudin expedition birds were the two specimens 
that had entered the registration books around 1854 
(MNHN Eaboratory, ZMO-GalOis 3). Mees (1982: 164) 
designated the RMNH-specimen as Eectotype using 
Streseman (1953: 323) as primarily source. Hellmayr 
(1916) could trace the birds in MNHN, but he was right 
in noting that the origin of this taxon was Timor: the 
measurements and biomorphological characteristics for 
all the specimens mentioned here seem to indicate that the 
name cinereus should be applied to the Timor subspecies, 
hitherto conventionally named perspicillatus. The type 
locality is restricted to: West-Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Vieillot named this 
species cinereus or ‘ash-grey’ (Jobling 2017). 


Ocypterus albiventer Lesson 

Ocypterus albiventer Lesson, 1831, Traite d’Orn. 5: 370 (Timor). 
Artamus leucorynchus albiventer (Lesson, 1831). See Valenciennes 

1820: 22 and Mees 1982: 161-162.-Now 

Type materials. SYNTYPE: MNHN-ZO-2014-514 
[MNHN A.C. 9599], adult, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: (Sticker) Asie. Aust. le NaC /Ex¬ 
pedit. du. CapC^ Baudin / au 11 / Timor par Mauge. 2. Le- 
langrayer / ent.9.f.l. / Lanius leucorhynchos, L. / Artamus 
leucorhynchos/ Vieillot. Pedestal label: Le Langrayen a vent¬ 
re blanc. / Val. Mem. Mus. VI PI. 7. Fig. 87? / Lanius leu¬ 
corhynchos. Lan. Dominicanus. Gm./De Timor: par Mauge. 

SYNTYPE: MNHN-ZO-2016-524 [MNHN A.C. 
9601], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°ir0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Tag: Artamus leucorhynchus albiventris (Lesson) / 
Timor / (other side) “expedition du Capitaine Baudin / 
Artamus par Mauge ” / “ Langrayen a ventre Blache. 

SYNTYPE: NMW 5.464 [NMW 1810.XXIII.2], adult, 
near Kupang Bay, Kupang, East Nusa Tenggara, West-Ti¬ 
mor (10°ir0"S; 123°35'0"E), between 22 August and 13 
November 1801, by Rene Mauge. 

No original label. 

SYNTYPE: NMW 70.486 [NMW 1815.XXXVI.28], 
adult, near Kupang Bay, Kupang, East Nusa Tenggara, 
West-Timor (10°ir0"S; 123°35'0"E), between 22 August 
and 13 November 1801, by Rene Mauge. 

Pedestal label: N 29 Lanius / 127 / leucorhynchus / 
Pie-Grieche de Manille / v. pariser Museum / Artamus / 
leucorhynchus /1815. 

Comments. Eesson did not specify how many birds were 
examined, only that they originated from Timor and were 
brought back by Mauge. These were the only specimens in 
the collection until a specimen arrived from the Philippines 
via Maison Verreaux in 1837 (MNHN Eaboratory, ZMO-Ga- 
lOis 3). Mees (1982) drew attention to an issue regarding 
Eesson’s name, which included reference to the specimens 
collected by Mauge listed above, but could be interpreted as 
a replacement name for Ocypterus leucogaster Valenciennes 
1820. The issue is not yet solved, and more research is need¬ 
ed. The type locality is restricted to: Timor, near Kupang Bay 
(article 76a.2.A (ICZN 1999)). Eesson named this species 
albiventer or ‘white-bellied’ (Jobling 2017). 


Platyrhynchos rufiventris Vieillot 

PIatyrhynchos rufiventris WiWot, 1818, TVomv. Diet. Nat. ed. 27: 21-22 
(Nouvelle-Hollande). 

Rhipidura rufiventris (Vieillot, 1818). See Mayr and Traylor 1986: 538. 
-Now. 

Type materials. SYNTYPE: MNHN-ZO-2013-1149 
[MNHN A.C. 9417], adult, near Kupang Bay, Ku- 
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pang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Asie / australe / Timor / Cvt 1. 
Naturaliste / (Peron) Exp. Baudin / 9417 an 11 / Rhipidu- 
ra /rufiventris / V. Pedestal label: Rhipidura rufiventris / 
Type (Vieill.) / Exp. Baudin Timor 

SYNTYPE: MNHN-ZO-2013-1156 [MNHN A.C. 
9418], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor /Peron et Lesueur / 9418 / 
Rhipidura rufiventris /Eess. Type V. Pedestal label: Rhip¬ 
idura rufiventris / Type (Vieill.) / Exp. Baudin Timor. 

Comments. Vieillot did not specify how many speci¬ 
mens were in the MNHN. The only two specimens 
that entered the registration book (drafted roughly by 
1854) are those described above (MNHN Eaboratory, 
ZMO-GalOis 3). The type locality is erroneous (Nouvel- 
le-Hollande), and therefore corrected and restricted to: 
West-Timor, near Kupang Bay (article 76a.2.A (ICZN 
1999)). Vieillot named this species rufiventer or ‘red bel¬ 
ly’ (Jobling 2017). 

Platyrynchos ruficollis Vieillot 

Platyrynchos ruficollis Vieillot, 1818, Nouv. Diet. Nat. ed. 27; 13 (Nou- 
velle-Hollande). 

Myiagra ruficollis (Vieillot, 1818). See Pucheran 1855: 360, Hellmayr 
1916; 99 and Mathews 1921-1922; 54. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-525 
[MNHN A.C. 9349], adult female, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor / (A""" le Naturaliste / Exp. 
Baudin / an 11 / 9349 / Myiagra rufigula / (illegible) 
Vieill. / (V). Pedestal label: Myiagra ruficollis / (V.) /Exp. 
Baudin Timor 

SYNTYPE: NMS_Z 1819.20.1.67., adult male, near 
Kupang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0'’S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

The information available for the NMS bird is Dufres- 
ne Ms 1818, 72: moucherolle a gorge rousse Timor. Old 
printed lable: Myiagra rufigula, Wallace / Timor. New 
label: Dufresne moucherolle a gorge rousses /de Timor / 
Mesurements wg 68 / tar 18 / Tail 66 Beak 12. Other side 
of new label: Reg. no 1819-20.1.67 / Myiagra ruficula / 
M. ruficollis / Timor. 

Comments. Vieillot did not specify how many specimens 
were present in the MNHN. The current MNHN speci¬ 
men was the sole specimen in the MNHN until another 
arrived in 1844 with La Zelee from Dumont d’Urville’s 
Astrolabe expedition (1837-1840), donated by Hom- 


bron and Jacquinot. The type locality is erroneous (Nou- 
velle-Hollande), and therefore corrected and restricted 
to: West-Timor, near Kupang Bay (article 76a.2.A (ICZN 
1999)). Vieillot named this species ruficollis or ‘red¬ 
necked’ (Jobling 2017). 

Dicceum Maugei Lesson 

DiccBum Maugei Lesson, 1830, Trade d’Orn. 4: 303 (Timor). 

Dicaeum maugei (Lesson, 1830). - Now. 

Type materials. HOEOTYPE: MNHN-ZO-2012-633 
[MNHN A.C. 10423], adult female, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor /par M. Mauge /Dicaeum 
maugei / type (Less.) /10423. Pedestal label: Dicaeeum 
hirundinaceum / (Shaw) /Exp. Baudin Australie 

Comments. Eesson did not say how many specimens he 
examined, only refering to a female collected by Mauge. 
This female was the sole specimen from the Baudin ex¬ 
pedition that entered the registration book around 1854 
(MNHN Eaboratory, ZMO-GalOis 4) as can be seen from 
the original description. There was also one other bird, 
collected by Eabillardiere in Tasmania which arrived be¬ 
tween 1816-1818. The type locality is restricted to: West- 
Timor, near Kupang Bay (article 76a.2.A (ICZN 1999)). 
Eesson commemorated Mauge in the species’ name. 

Sylvia australasiae Vieillot 

Sylvia australasiae Vieillot, 1817, Nouv. Diet. Nat. ed. 11: 235 (1’Aus¬ 
tralasia). 

Zosterops citrinella (Bonaparte, 1850). See Mees 1961: 29-30 and 
Stresemann 1951: 69-70. - Now. 

Type materials. HOEOTYPE: MNHN-ZO-2014-446 
[MNHN A.C. 10293], adult, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Exp. Du cap. Baudin / Timor / 
Mauge an 11 / Zosterops citronella/ (Mull.) /10293. Pede¬ 
stal label: Zosterops citrinella/(Mull) /M. Mauge Timor. 

Comments. Vieillot did not specify how many specimens 
he had studied. This bird is the only specimen that had 
entered the registration books around 1854 (MNHN 
Eaboratory, ZMO-GalOis 4). Mees (1961: 31) favoured 
to leave the name australasiae indeterminate, believing 
(erroneously) the holotype to be lost and viewing Vieillot’s 
description as too ambiguous to confidently assign the 
name. The type locality is erroneous (f Australasia), and 
therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot named 
this species australasiae or ‘southern’ (Jobling 2017). 
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Turdus peronii Vieillot 

Tiirdus peronii Vieillot, 1817, Nouv. Diet. Nat. ed. 10: 212 (Nou- 
velle-Hollande). 

Geokichla peronii (Vieillot, 1817). See Pucheran 1855: 352-353, 377 
and Mayr 1944: 155. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2013-1103 
[MNHN A.C. 8394], adult, near Kupang Bay, Ku- 
pang. East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0'’E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor /M. Mauge /Exp. Baudin/ 
an 11 / 8394 / Geocichlaperoni / Type V. Pedestal label: 
Geocichla peronii / Type (Vieill.) / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-2013-1105 [MNHN A.C. 
8383], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Exp. Baudin / M. Mauge 
an 11 / 8393 / Geocichla peroni / Type V. Pedestal label: 
Geocichla peronii / Type (Vieill.) / Exp. Baudin Timor. 

SYNTYPE: NMW 13.310 [1815.XXXVII.32], adult, 
near Kupang Bay, Kupang, East Nusa Tenggara, West-Ti¬ 
mor (10°11'0"S; 123°35'0"E), between 22 August and 13 
November 1801, by Rene Mauge.]. 

Pedestal label: 12210 (alte no 1815.XXXVII.32) / Ge- 
oleichla/ Turdulusperonii o esp? /Australie?? (Timor) / 
last line illegible. Old tag: 1815.XXXII.32 / (144) / Turdus 
peronii Vieill. / Neu Holland? / Von Dufresne geltft. 

Comments. Vieillot did not describe how many specimens 
were available to him when preparing the species 
description. The two MNHN specimens are the only 
specimens that had entered the registration book around 
1854 (MNHN Eaboratory, ZMO-GalOis 3). The bird now 
in NMW was also available to Vieillot as it was sent to 
Vienna in 1815 (see explantation in chapter: Timorese 
bird-specimens collected by Mauge and his colleagues). 
A specimen sent to Rouen on 23 April 1806 (Museum 
d’histoire Naturelle, Ee Havre n° 21111, 21114) and 
burned in the night of 30-31 December 1926 (Benedicte 
Percheron and Thierry Kermanach in litt.) was not part 
of the type-series. The first two syntypes listed above are 
also the syntypes of Turdus Novee Hollandice Eesson 1831. 
The type locality is erroneous (Nouvelle-Hollande), and 
therefore corrected and restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot paid 
tribute to Frangois Peron when naming this species. 


Turdus Novae Hollandioe Lesson 

Turdus Novee Hollandice Lesson, 1831, Trade d’Orn. 6: 411 (no locality; 

the specific epithet suggests Nouvelle Hollande). 

Geokichla peronii (Vieillot, 1817). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2013-1103 
[MNHN A.C. 8394], adult, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 


123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Timor/M. Mauge/Exp. Baudin/ 
an 11 / 8394 / Geocichla peroni / Type V. Pedestal label: 
Geocichla peronii / Type (Vieill.) / Exp. Baudin Timor. 

SYNTYPE: MNHN-ZO-2013-1105 [MNHN A.C. 
8383], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Exp. Baudin / M. Mauge 
an 11 / 8393 / Geocichla peroni / Type V. Pedestal label: 
Geocichla peronii / Type (Vieill.) / Exp. Baudin Timor. 

Comments. Eesson did not mention the number of speci¬ 
mens examined. The two MNHN specimens are the only 
specimens that had entered the registration book around 
1854 (MNHN Eaboratory, ZMO-GalOis 3). Both syntypes 
listed above are also part of the type material of Turdus 
peronii Vieillot 1817. The type locality is erroneous (Nou¬ 
velle-Hollande), and therefore corrected and restricted to: 
West-Timor, near Kupang Bay (article 76a.2.A (ICZN 
1999)). Eesson named this species novaehollandiae or 
‘from New Holland’ (Jobling 2017). 

Muscicapa hyacinthina Temminck 

Muscicapa hyacinthina Temminck, 1820, Planches Coloriees 3: 119 
(Timor). 

Cyornis hyacinthinus (Temminck, 1820). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2013-1136 
[MNHN A.C. 9861], adult male, near Kupang Bay, Kupang, 
East Nusa Tenggara, West-Timor (10°ir0"S; 123°35'0"E), 
between 22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Exp. Baudin / Lesueur / 
9861 / S / Siphia / Cyornis / hyacintina / Vf" cyanea / 
Tern. / Typ. de Vieillot. Pedestal label: Siphia hyacinthina 
S / Type (Tern.) / Exp. Baudin Timor 

SYNTYPE: MNHN-ZO-2013-1138 [MNHN A.C. 
9862], adult female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Timor / Exp. Baudin / Lesueur 
/ 9862 / ^ / Spihia / Cyornis / hyacintina / Tern. / Typ. 
de Vieillot. Pedestal label: Siphia hyacinthina $ / Type 
(Tern.) / Exp. Baudin Timor. 

Comments. Temminck did not mention the number of 
specimens he examined in the MNHN. The only two 
MNHN specimens were a male and a female (MNHN 
Eaboratory, ZMO-GalOis 3). The two syntypes are also 
the syntypes of Muscicapa cyanea Vieillot 1818, making 
it an objective junior synonym, but Vieillot’s name has 
been suppressed (Anon. 1956). The type locality is re¬ 
stricted to: West-Timor, near Kupang Bay (article 76a.2.A 
(ICZN 1999)). Temminck named this species hyacinthina 
or ‘hyacinthine/like the hyacinth’ (Jobling 2017). 
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Muscicapa cyanea Vieillot 

Muscicapa cyanea Vieillot, 1818, Nouv. Diet. Nat. M. 21: 447 (no loca¬ 
lity). 

Cyornis hyacinthinus (Temminck, 1820). See Vaurie 1952: 104-105 
and Anon. 1956: 257-264. - Now. 

Type materials. The two SYNTYPES are the same as 
Muscicapa hyacinthina Temminck. 

Comments. Vieillot did not record how many specimens 
were available to him when examening the species. The two 
syntypes are the only specimens of this taxon that where regi¬ 
stered (MNHN Laboratory, ZMO-GalOis 3). The name has 
been suppressed (Anon. 1956) at request of Vaurie (1952). 
Both syntypes double as those of Muscicapa hyacinthina 
Temminck 1820, which name now takes precedence. The 
type locality is lacking, and therefore clarified as: West-Timor, 
near Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot 
named this species cyanea (= dark-blue) (Jobling 2017). 

(Enanthepyrrhonota Vieillot 

OEnanthe pyrrhonota Vieillot, 1818, Nouv. Diet. Nat. ed. 21: 428 (Nou- 
velle Hollande). 

Saxicola caprata pyrrhonota (Vieillot, 1818). See Pucheran 1855: 347 
and Deignan and Ripley 1964: 113. - Now. 

Type materials, ‘type’ (lost). Specimen MNHN A.C. 
9128 is documented in: ZMO-GalOis 3: 9128/Pratinco- 
la caprata, Gm / Timor? / Voy. aux Terre Austral, an IT S. 
1977 no 1. Catalogue des Merles: 784/9128 Pratincola 
caprata/ Timor /Exp. Baudin/an 11. S/1977 no 1. Exit 
from the MNHN collection in 1977 (no 1) part of 387 
specimens that were destroyed. 

Comments. A single bird was selected and described 
by Vieillot; a female. However, this bird is no longer 
present. Unknown if the bird, that ended up in NMS, was 
this specific female (Dufresne Ms 1818, 74: (Enanthe 
caprata, Gm., Le traquet del Isle de Luzon, Buff. 235.1., 
Terres Australes), however, the annotation in Dufresne 
1818 "destroyed in 1892’ confirms that the specimen is 
no longer present. Only a male collected at the Baudin 
expedition still resides in the MNHN (MNHN A.C. 
9127). The male was the only specimen in the collection 
until another arrived with La Favorite in 1844 (MNHN 
Laboratory, ZMO-GalOis 3). Vieillot named this species 
pyrrhonota or ‘flame-coloured/red’ (Jobling 2017). 
A solution for this special case, should be found in the 
future (e.g. type-specimen and type-locality). 

(Enanthe gutturalis Vieillot 

(Enanthe gutturalis Vieillot, 1818, Nouv. Diet. Nat. ed. 21: 421 (Nou- 
velle-Hollande). 

Saxicola gutturalis (yxQxWoi, 1818). See Pucheran 1855: 346-347,Hell- 
mayr 1916: 98 and Deignan and Ripley 1964: 115.-Now. 

Type materials. HOLOTYPE: MNHN-ZO-2013-1118 
[MNHN A.C. 9079], adult female, near Kupang Bay, 


Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: (Sticker) Asie aust. O’"'' le Naf^ / 
Expedit. du cap”^ Baudin / an 11 / N. tr. Par Lesueur. 2. 
Sylvia? / Vieill. /type d. Vieillot. Pedestal label: Traquent 
a gorge blanche, o. / Saxicola gutturalis. / Sylvia guttura¬ 
lis, Vieill. (T) / de la Nouvelle-Hollande (?) /par Peron et 
Lesueur / = Oreica melanoleuca (Vieil.) $. 

Comments. A single bird was selected and described 
by Vieillot; a female. Three other Baudin expedition 
birds still exists (female, NMW 12.359; male, MNHN- 
ZO-2011-595; male, NMS_Z 1819.1.41). The type loca¬ 
lity is erroneous (e.g. Nouvelle-Hollande), and therefore 
corrected and restricted to: near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species gut¬ 
turalis or ‘of the throat’ (Jobling 2017). 

Loxia variegata Vieillot 

Loxia variegataVxQxWoi, 1807, Ois. Chant.'. 82 (Moluccas). 

Lonchura molucca (Linnaeus, 1766). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-502 
[MNHN A.C. 6507], adult, near Kupang Bay, Ku¬ 
pang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0'’E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: 1 (Sticker) (illegible) Le NaV 
/ expedit. Du Cap7^ Baudin / an XI Timor mer / Mauge. 
2. Vieill. /variegate V/Munia (illegible). Pedestal label: 
Munia variegata/(V.) /M. Mauge Timor. 

SYNTYPE: MNHN-ZO-2014-503 [MNHN A.C. 
6508], adult, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Asie austr. O"" Le NaV /expedit. du 
Cap Baudin / an XI Timor par / Mauge L. variegate. 2. 
Vieillot Ois Chat N 3 / Loxia variegate / Munia variegata / 
V. Pedestal label: Munia variegata/(V.)/M. Mauge Timor. 

Comments. Vieillot did not mention the number of speci¬ 
mens he examined or which collections he used to de¬ 
scribe the species. The two specimens in the MNHN from 
the Baudin expedition are the only specimens in the col¬ 
lection (MNHN Laboratory, ZMO-GalOis 3). The type 
locality is erroneous (Moluccas), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species varie¬ 
gata or ‘variegated’ (Jobling 2017). 

Loxia atricapilla Vieillot 

Loxia atricapilla Vieillot, 1807, Ois. Chant. '. 84 (Les Grandes Indes). 
Lonchurapunctulataparticeps (Riley, 1920). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-504 
[MNHN A.C. 6509], immature, near Kupang Bay, 
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Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: MNHN-ZO-2014-504: (Sticker) 
Cvk^ Le NafV Expedit. du Cap^ Baudin / an 11 Timor. 2. 
Le domino / Vieillot Ou Chpi 50/Mauge. Pedestal label: 
Munia puctularia / (E) / M. Mauge Timor. 

SYNTYPE: MNHN-ZO-2014-505 [MNHN A.C. 
6510], immature, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Munia / punctularia / Timor / 
Mauge / an X. Pedestal label: Munia punctularia / (L.) / 
M. Mauge Timor. 

SYNTYPE (lost): Specimen NMW 1815.XXXVI.68 
is documented in the first acquisition book in Vienna and 
can be found on page 89: Loxia punctularia / Inde /1 / 
1. This bird was part of an exchange of 122 birds (102 
species) with the MNHN in 1815. Not found at 27-28 
February 2017, nor at subsequent visits, or by its curators 
Hans-Martin Berg and Anita Gamauf 

SYNTYPE (lost). The information available for the 
NMS bird is Dufresne Ms 1818, 56: Loxia punctularia, 
Le Domino, B. PI. 109, V"® Hollande. The annotation in 
Dufresne 1818 'destroyed in May 1892 ’ confirms that the 
specimen is no longer present. 

Comments. The original description does not indicate 
how many specimens were involved, only that the spe¬ 
cies was described from the MNHN collection. It was 
wrongly identified in the acquisition books, so it is dif¬ 
ficult to establish exactly how many birds were present. 
The nomenclatural availability and taxonomic identity of 
the name atricapilla needs additional research, particu¬ 
larly in relation to the chronologically junior name[s] 
particeps and blasii Stresemann (1912). The type locality 
is erroneous (Ees Grandes Indes), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species atri¬ 
capilla or ‘black-headed’ (Jobling 2017). 

Loxia quinticolor Vieillot 

Loxia quinticolor VxQxWoi, 1807, Ois. Chant. '. 85 (Timor). 

Lonchura quinticolor (Vieillot, 1807). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-500 
[MNHN A.C. 6506], adult male, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: {Sticker)'. Asie Aust Cvf^ Le NaE 
/ Loxia quinticolor, Vieill. / Expedit. du CapC^ Baudin / 
an 11 Timor / Mauge. 2. Munia quinticolor (V.). Pedestal 
label: Munia quinticolor (5' / (V.) /M. Mauge Timor. 

SYNTYPE: MNHN-ZO-2014-501 [MNHN A.C. 
6505], adult male, near Kupang Bay, Kupang, East Nusa 


Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: (Sticker) Asie Aust. CvE le NaE / 
Loxia quinticolor / Expedit. du Baudin / an 11 Timor 
/ Vieill. /Mauge. 2. Munia quinticolor (V.). Pedestal label: 
Munia quinticolor S / ((V.) / M. Mauge Timor. 

SYNTYPE: NMW 35569 [NMW 1815.XXXVI.117], 
adult, near Kupang Bay, Kupang, East Nusa Tenggara, 
West-Timor (10°11'0"S; 123°35'0"E), between 22 August 
and 13 November 1801, by Rene Mauge. 

Pedestal label: Amadina quinticolor / 1815 XXXVI - 
117 / Von Pariser Mus. In kauf / Molukken /n° 121. 

SYNTYPE (lost): The bird is documented in a Temminck 
(1807: 112 n° 994). No specific specimens were located. 

Comments. The number of specimens is not mentioned 
in the type-description nor is the collection mentioned. 
The two MNHN specimens are the only remaining speci¬ 
mens (MNHN Eaboratory, ZMO-GalOis 3). The type lo¬ 
cality is restricted to: West-Timor, near Kupang Bay (ar¬ 
ticle 76a.2.A (ICZN 1999)). Vieillot named this species 
quinticolor or ‘five-coloured’ (Jobling 2017). 

Loxia fuscata Vieillot 

Loxia fuscata WxQxWoi, 1807, Ois. Chant. '. 95 (Timor). 

Lonchura fuscata (Vieillot, 1807). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2011-597 
[MNHN A.C. 6489], adult male, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°11'0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: 1. (Sticker) Asie austr. le NaV 
/ expedit. du Cap^ Baudin / an XI du Moluques / Padda 
brun. 2. (illegible) 95 pi 62 / Padda fuscata Vieill. / Loxia . 
Pedestal label: Padda fuscata/ (V.) / M. Mauge Timor. 

SYNTYPE: MNHN A.C. 6490 [MNHN A.C. 6490], 
adult male, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°11'0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal underside: (Sticker) Asie Aust. NaV / 
Expedit. Du Cap^n Baudin. an 11 / le Padde brun f.l. 
Loxia fuscata Padda (vieill.) pi 45. Pedestal label: Padda 
fuscata / S / (V.) / M. Mauge Timor. 

SYNTYPE: MNHN A.C. 6491, female, near Ku¬ 
pang Bay, Kupang, East Nusa Tenggara, West-Timor 
(10°11'0"S; 123°35'0"E), between 22 August and 13 No¬ 
vember 1801, by Rene Mauge. 

Pedestal underside: Loxia madagascar /Padda /Stick¬ 
er: Asie Aust. CvV NaV /Expedit. De Capt Baud/An XI 
Timor / ^ Mauge. Pedestal label: not present. 

SYNTYPE: NMW 35.570 [NMW 1815.XXXVII.38], 
adult male, near Kupang Bay, Kupang, East Nusa Teng¬ 
gara, West-Timor (10°ir0"S; 123°35'0"E), between 22 
August and 13 November 1801, by Rene Mauge. 

Pedestal label: Amadina fuscata Gray / 1815-XXX- 
VII-38 (153) / Dufresne gekft. 
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Figure 1. MNHN A.C. 6490: Pedestal underside of Loxia fus- 
cata. It shows a sticker glued. The same stickers are used on 
multiply specimens collected in either Australia and Timor. The 
handwriting is from Louis Dufresne and only used on speci¬ 
mens brought back with Le Naturaliste. 


SYNTYPE (lost). The information available for the 
NMS bird is Dufresne Ms 1818, 56: Loxia fuscata, La 
Padda Brun, Vieiilot, HolP^, rare. The annotation in 
Dufresne 1818 'destroyed in May 1892 ’ confirms that the 
specimen is no longer present. 

Comments. The number of specimens is not mentioned 
by Vieiilot (1807: 95), but the descriptions of a male, 
female and first year birds indicate multiple specimens. 
The three MNHN birds were the only three until another 
was donated by the RMNH in 1855 (MNHN Laboratory, 
ZMO-GalOis 3). The NMW specimen was present in the 
MNHN when Vieiilot (1807) described the species. The 
type locality is restricted to: West-Timor, near Kupang 
Bay (article 76a.2.A (ICZN 1999)). Vieiilot named this 
species fuscata or ‘dark’ (Jobling 2017). 

Fringilla guttata Vieiilot 

Fringilla guttata Vieiilot, 1817, Nouv. Diet. Nat. ed. 12; 233 (lies 
Moluques). 

Taeniopygia guttata (Vieiilot, 1817). See Lesson 1831; 446 and Blake 
et al. 1968; 358. - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-506 
[MNHN A.C. 6548], adult male, near Kupang Bay, 
Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 



Figure 2. MNHN-ZO-2012-677: See figure 2. In addition, Timor is later added in another hand. 
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Pedestal underside: Taeniopygia insularis / (Wall) / 
Mauge/M. Mauge/an 11 Timor/Exp. du Baudin. Pede¬ 

stal label: Taeniopygia insularis/(Wall.) /M. Mauge Timor. 
SYNTYPE: MNHN-ZO-2014-507 [MNHN A.C. 

6549] , immature male, near Kupang Bay, Kupang, East 
Nusa Tenggara, West-Timor (10°ir0"S; 123°35'0"E), be¬ 
tween 22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Taeniopygia / insularis (Wall) / 
Mauge / Timor / an 11 / Exp. du Cap*^^ /Baudin. Pedestal 
label: Taeniopygia insularis / (Wall.) /M. Mauge Timor. 
SYNTYPE: MNHN-ZO-2014-508 [MNHN A.C. 

6550] , female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Taeniopygia / insularis (Wall.) / 
Exped. du Mauge / C""" Baudin Timor / an 11. Pedestal 
label: Taeniopygia insularis / (Wall.) /M. Mauge Timor. 
SYNTYPE: MNHN-ZO-2014-510 [MNHN A.C. 

6551] , female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal underside: Taeniopygia / insularis (Wall.) / 
Mauge Timor / an 11 /Exp. /Baudin. Pedestal label: 
Taeniopygia insularis / (Wall.) / M. Mauge Timor. 

SYNTYPE: NMW 52.401 [NMW 1815.XXX- 
VII.240a], female, near Kupang Bay, Kupang, East Nusa 
Tenggara, West-Timor (10°11'0"S; 123°35'0"E), between 
22 August and 13 November 1801, by Rene Mauge. 

Pedestal label: 1815 XXXVII24 /Amadina castanotis 
Gould fern. / Von Lalande gekft/ Molukken / 305. 

SYNTYPE (lost). The information available for the 
NMS bird is Dufresne Ms 1818, 61: Fringilla guttata, Le 
bengali mouchete, male, V. Diet. D.h. n. t. 12, p 233. Not 
found in 2016-2017 (Bob McGowan in litt.). 

SYNTYPE (lost). The information available for the 
NMS bird is Dufresne Ms 1818, 61: Fringilla guttata, Le 
bengali mouchete, femelle, V. Diet. D.h. n. t. 12, p 233. 
Not found in 2016-2017 (Bob McGowan in litt.). 

Comments. The number of specimens is not mentioned 
by Vieillot, but the descriptions of a male, female and first 
year birds indicate multiple specimens. The four Baudin 
expedition birds are the only specimens that had entered 
the registration books around 1854 (MNHN Eaboratory, 
ZMO-GalOis 3). The other three specimens (NMW + 
NMS) were also examined by Vieillot. The type locali¬ 
ty is erroneous (lies Moluques), and therefore corrected 
and restricted to: West-Timor, near Kupang Bay (article 
76a.2.A (ICZN 1999)). Vieillot named this species gutta¬ 
ta or ‘spotted/speckled’ (Jobling 2017). 

Fringilla tricolor Vieillot 

Fringilla tricolor XxQxWoi, 1817, TVowv. Diet. Nat. M 12: 233 (Timor). 
Now; Erythrura tricolor (Vieillot, 1817). - Now. 

Type materials. SYNTYPE: MNHN-ZO-2014-509 
[MNHN A.C. 6584], adult male, near Kupang Bay, 


Kupang, East Nusa Tenggara, West-Timor (10°ir0"S; 
123°35'0"E), between 22 August and 13 November 1801, 
by Rene Mauge. 

Pedestal underside: Erythrura tricolor / Mr Mauge S 
(V.) / Timor / acq. Temminck. Pedestal label: Erythrura 
tricolor /V./M. Mauge Timor. 

Comments. The number of specimens was not specified 
by Vieillot, but he does mention a difference between the 
male and female. There was only one specimen noted in 
the inventory catalogue (MNHN Eaboratory, ZMO-Ga- 
lOis 3) until another bird was donated by Temminck in 
1841. The type locality is restricted to: West-Timor, near 
Kupang Bay (article 76a.2.A (ICZN 1999)). Vieillot 
named this species tricolor or ‘tricoloured’ (Jobling 2017). 

Summary 

Although no lists or diary entries exist on the bird speci¬ 
mens collected in Timor, this paper aims to give final 
clarity regarding type-specimens and type localities. 
The Mauge collection provides us with a rare view of 
the biodiversity of the location where the city of Kupang 
now stands. It is the largest city and port on the island of 
Timor, with an estimated population of 350.000 in 2011. 

During his visit to Timor in 1801, Rene Mauge collec¬ 
ted at least 153 specimens (61 species) (table 1). To date, 
117 specimens still exist and are held in five European 
collections; the MNHN holds 91 specimens (77,7 %). 
There are 52 species new to science based on Mange’s 
collection and 28 names are still in use. This study reveals 
that eight type-species were missed by Voisin and Voisin 
(1996, 1999,2001,2008,2011,2012,2015) and in Voisin 
et al. (2004, 2005, 2008). 

There is a possibility that additional specimens collec¬ 
ted by Mauge on Timor may still be found and the author 
urges others to continue searching for such material. 
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